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STUDIES ON THI METABOLISM OI 


RELATION ETWEEN FOOD INTAKI AND BODY 


SOM! OBESI PERSONS * 


ditterence, at least in degree, between obesity and 


g 
Overweight usually results from overteeding, sedentary 

a combination of both. Certain cases of obesity unquestion 
llow the same causes, but just as unquestionably other cases of 
seen which show neither excessive food intake nor lessened 

In such persons the tendency to accumulate and deposit 

entirely independent of any of the usual causes of 


ised weight. Both overeating and 


underexercise are common faults 
nkind, yet excessive obesity is comparatively rare. On the other 
one sees a fairly large number of healthy but thin persons 
se food intake is in excess of their calculated caloric requirements, 
vho cannot gain weight under any circumstances. The conclusion 


s almost inevitable that the maintenance of body weight may be 


ctically independent of the caloric balance, and that obesity may 


ult from causes other than excessive food intake or diminished 
nergy expense 

lo ascertain if possible the cause or causes of “unexplained” obesity 

mpted us, in 1920, to begin a series of planned metabolic experi- 
ents along definite lines. Up to the present time we have studied: 
The food intake of cases of obesity under dietary control. 2. The 
sal metabolism in obesity. 3. The specific dynamic effect of various 


*From the Medical Clinic, the Otto Baer Fund for Clinical Research, and 
the Nelson Morris Memorial Institute for Medical Research of the Michael 
Reese Hospital. 

1. Strouse, Solomon: Carbohydrate Oxidation in Relation to Body 
Weight, Proc. Am. Soc. for Clinic Investigation, 1921, p. 35: Strouse, Solomon; 
Wang, C. C., and Dye, M.: The Food Metabolism of Obesity, Proc. Inst. Med., 
Chicago 4:169, 1923; Studies on the Metabolism of Obesity Preliminary 
Report, J. A. M. A. 82:2111 (June 28) 1924. 
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The present report deals with the question of food intake in obesity 


Von Noorden? divided obesity cases as follows: 


1. “Mast-fettsucht” due to a, overfeeding; b, underwork (‘‘Faul 


heitsfettsucht” ) ; c, a combination of overfeeding and underwork 


rogenous obesity due to lowered energy exchange: a, Pri 
mary; , secondary, complicated by involvement of other organs lik 
the pancreas, genitalia, hypophysis, etc. Later study of the basal metal 
olism in obesity cast doubt on the thyrogenous origin of von Noorden 


Group 2 }, or secondary thyrogenous obesity, and most students classif 


3. Constitutional obesity his simply means that the pers 
becomes obese not from overeating, underexercise, or hypothyroid di 
ease, but because of a “constitutional” tendency to obesity. This, 


course, 1s merely giving a name to an unexplained phenomenon 


VIEW OF rit LITERATURE 


Recently considerable literature has accumulated on the relation 
obesity to diseases of various ductless glands, and in this connecti 
we wish to state that in not a single instance during the four years 
this work have we used endocrine terminology in defining obesit 
Since our work was directed entirely toward a metabolic explanati 


° } 
ot opes 


ity, descriptive terms binding the individual case to one or m 
ductless glands seemed foreign to our purpose In order to obt 
objective readings, no clinical interpretation was made on persons set 
to the laboratory for study, beyond noting the extent of overweig 
and it was not until the laboratory workers had completed and tabulat 
their results that the clinical notes were consulted and an effort m: 
to correlate the findings. The results of this comparative study w 


} 


his series (to be published) 


be found in a later paper of t 
Many cases of so-called constitutional obesity are reported in t 
literature. Von Noorden®* reports the case of a man aged 39, wl 
weighed 102 kg., and who, exercising freely in the open air, was kept f 
three months on a diet of 1,720 calories or less and who lost only 1 kg 


His actual caloric requirements should have been near 2,/00 calories 


\ control case weighing 98 kg., exercising less actively, lost 4.8 kg. in 
> > ~ + 


four weeks on the same diet. Von Noorden also reports the cas¢ 
a woman aged 65, weighing 86 k; 


y 
er 


who gained 0.5 kg. in six week 


on a diet equivalent to from 900 to 1,000 calories. Schwenkenbecher 


2. Von Noorden, Ueber die vershiedenen Formen der Fettsucht, M« 
Klin. 5:1, 1909 
3} Von Noorden. ( Die Fettsucht, Nothnagel’s Spezielle Pathologie u 


Therapie, Vienna, A. Holder, 1900 


4. Schwenkenbecher Ueber die Ausscheidung des Wassers durch die Haut 


Deutsch. Arch. f. kiin. Med. 79:29, 1904 
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ied two obese girls, one of whom began to lose weight only when 


ood was reduced to 17 calories per kilogram of body weight (total 
ic intake, 1,020). 

loman,® in von Noorden’s clinic, carefully studied an obese girl, 
16, who weighed 71.4 kg. and who gained 0.5 kg. in eight days 
controlled diet of 1,300 calories. During this period she had plenty 
en-air exercise. By maintaining the diet at 1,900 calories for some 


s her weight remained constant 
; 


he more recent and extensive metabolic studies make possible recal 


n of figures of earlier work and give a better basis for comparison 


rmal persons. Du Bois’* method of calculating body surface 


e prediction tables of Harris and Benedict,’ give a standard of 


rison now generally accepted as more accurate than any previous 


I 


ls. In some of the cases quoted here we have reca 


1 


standards of Du Bois or of Harris an 


onform to the norm 


ewy and Hirschfeld,* studying the so-called constitutional obesity, 
the case of a man, aged 43, weighing 64 kg., height 165 cm., who 


heavy work” for two periods of nine and six days each on diets 


ilent to from 2,210 to 2,320 calories containing from 70 to 74 gm 


et 
tein. According to the Du Bois standard his basal requirements 
1,620 calories, and his working requirements then should have 
minimum of 2,500 calories. They report a second case of an 
woman, aged 45, who weighed 55 kg. and whose height was 


who kept at work without losing weight for five days on a 
f 1,380 to 1,570 calories. Her basal requirements on the Du Bois 
were 1,328 calories. 


rafe and Graham * made a metabolic study lasting 107 days on a 


ng dog, varying the food intake from a hunger period to a long 


during which time the average daily food intake was 210 
ent., the minimum basal metabolism. They found the weight 


“with very slight variations.”” They quote the old experiment 
; g yq 


Salomot Ueber Durstkuren, Von Noorden’s Klinische Abhanddlungen 
Du Bois, D., and Du Bois, E. F \ Formula to Estimate the Approxi 

Surface Area If Height and Weight Be Known, Arch. Int. Med. 17:863 
1916 

Harris, J. A., and Benedict, F. G A Biometric Study of Basal Metabo 

n Man, Carnegie Inst. Wash., No. 279, 1919 

Loewy, A., and Hirschfeld, F Beobachtungen ueber das Minimum des 


tungsumsatzes. Ein Beitrag zur Frage der sogenannten konstitutionellen 


icht, Deutsch. med. Wchnschr. 36:1794, 1910 


9. Grafe, E., and Graham, D Ueber die Anpassungsfahigkeit des tierischen 


nismus an tiberreichliche Nahrungszufuhr, Ztschr. f. Physiol. Chem. 73:1, 


ees 


altel sages 





270 IRCHIVES OF INTERNAI WEDICINI 


of Neuman *’ on himself, who, for an almost steady period of two years 
maintained weight and well-being on diets equivalent to 1,766, 2,199 
and 2,403 calories. From their studies Grafe and Graham concluded 
that caloric intake and energy expense do not always account tor the 


weight curve of human beings 


Grafe and Koch," studying the effect of prolonged overteeding o1 
metabolism, cited one remarkable instance of weight maintenan 
despite large variations in caloric intake. A boy, aged 14 years, weigl 


ing 26.5 kg., whose height was 140 cm., was kept for ten days on 


diet of 88 calories per kilogram of body weight, then fourteen da 


on 51 calories per kilogram of body weight without any change in tl 
weight curve This was followed by another ten day period of 4 
calories per kilogram of body weight, during which period he lost or 
0.5 ke 

Umber claimed to have studied some obese persons for 
periods, paying attention to caloric intake, fluid balance and weight, ar 


to have found many such with lowered “energy exchange.” He cit 
the case of an obese woman, aged 61, who weighed 96 kg. and wh 
height was 150 cm. (basal metabolism, Du Bois, 1,491 calories daily 


who lived on 1,200 gm. of milk daily (equal to about 800 calories ) 


thirty-nine days and who lost only 0.5 kg. Later, for seven days sl 
received 919 calories daily containing 10.3 gm. nitrogen. She gain 
7.2 gm. nitrogen, but her weight remained at 96 kg., which means tl 
she maintained body weight on 9.6 calories per kilogram of body weight 
Umber also reports a case which, from the clinical description (no basa 
metabolism study) belonged to the group of hypothyroids. A wom 
aged 45, weight 97.7 kg., height 163 cm. (basal metabolism, Du Bots 
1,815 calories), who for twelve days had the equivalent of 1,000 calories 
for six days 800 calories and who remained in nitrogen balance an 
maintained weight. He reports a third case of apparently hypophyseal 
obesity in a boy, aged 12, weight 96 kg., height 156 cm. (basal metal 
olism, Benedict and Talbot,’® 1,850 calories), who kept his weight 
1,600 calories 

Diuring’s '* studies led him to believe that, in constitutional obesity, 


loss of weight paralleled water and salt excretion, an opinion shared 


10. Neuman, R. O.: Arch. f. Hyg. 45:1, 1902, quoted by Grafe and Graham 
11. Grafe, E.. and Koch, R Ueber den Einflusz langdauernder starker 
Uebernahrung auf die Intensitat der Verbrennungen im menschichen Organis- 


mus (Untersuchungen bei Mastkuren), Deutsch. Arch. f. klin. Med. 106:564, 


1912 

12. Umber Konstitutionelle Fettsucht und innere Sekretion, Med. Klin. 9: 
2014, 1913 

13. Benedict, F. G., and Talbot, F. B Metabolism and Growth from Birth 
to Puberty, Carnegie Inst. Wash. No. 320, 1921. 

14. Diiring, M Ueber Stérungen des Fliissigskeits und Salzgleichgeweichts 


bei gewissen Fallen der sogenannter “konstitutionellen Fettsucht,” Cor.-Bl. f 


schweiz. Aerzte 44:1425, 1914 
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urred, even following the intake of food 
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Grafe. Grafe studied several cases in which no loss of weight 


1 of very low caloric value 


lalbot *® studied the metabolism of a very obese child with a 
sella turcica and gives the following figures: \ boy, aged 


ears and 9 months, weighed 24.8 kg., whose height was 94 cm., 


surface was 0.879 sq. cm The average daily caloric intake 
three weeks was 895 and the child gained weight. The normal 
rement, as figured by Talbot, was 1,200 calories. On from /00 
$00 calories the child lost weight. His basal metabolism varied 
1,046 calories when awake to 677 when asleep. It was minus 
per cent. compared to age, and minus 32 per cent. compared t 
e and Plaut,’* studying the effect of food poor in protein, report 

e of man aged 40, of normal build, who weighed 67 kg. a 
height was 168 cm., who on a diet of between 1,000 and 1,300 


ies, gained 5 kg. in nineteen days (basal metabolism on t 
enedict tables is 1,558 calories). This followed a period « 
tion, and may be explained on the basis of the lowered meta 
2 : 


iOW SUC 


is been found to fo periods 


EXPERIMENTAI DATA 


this review of the available literature it is apparent that obesity 


™ 
ind does occur in persons without showing any direct relation to 
ntake. Our own experience had led us to believe that underweight 


therwise healthy persons also occurs even when the caloric intake 


re than sufficient to supply energy demands. Speaking metaboll- 


healthy underweight may 


the “constitutional” obese and the 


resent extremes of the same problem 


REPORT OF CASES 
1—Our first experiment was a clinical test on a very thin, health 
39, weighting 52 kg., and whose height was 
a physician, who ate normal food and slept 

] 


aged 175 cm He was a very 
from six to seven 


worker, 
rs out of the twenty-four. On ed his food 


50 per cent., mainly in carbohydrates, he 


e increas 
slept from ten 
f the time 


a four weeks’ vacation 


ke approximately 
fourteen hours a day, took no violent exercise, and spent most « 
g on a hammock on the porch engaged in reading current nonmedical maga 
s and novels. Although excessively fatigued at the beginning of the 
ition and decidedly refreshed at the end. of the four weeks, his weight 
“konstitution 


15. Grafe, ] Zur Pathologie und Therapie der sogenant 


len Fettsucht,” Deutsch. Arch. f. klin. Med. 133:41, 1920. 


] Verv Obese Child with a Small 


10 
lla Turcica (Typus Frélich?), Am. 
17. Rahe, F., and Plaut, R Zur Frage Eiweiss-armer Ernahrung, 


h, f. klin. Med. 137:187, 1921. 


Talbot, F. B The Metabolism of a 
J. Dis. Child. 20:331 (Oct.) 1920 
Deutsch 


ee 
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wel 


OF 














remained constant. Surely if his weight were dependent on the caloric equation, 
the four week f overfeeding and underexercise, coupled with the removal 
of the nervous a tv of his vocation, should have resulted in a gain of weight 
CASE 2 \ gy we _ aged 30, whose height was 165 cm., and whose 
weight was 86.8 kg., the subject of much of our first two years’ work was ver) 
eag to ¢ erat und very reliable She had a scale at home, to the use I 
she s accustomed through feeding her diabetic mother All article 
food w veighed and noted in a book from which the food values wer¢ 
subsequent lculated by us. She had been obese for years and showed other 
sig of ed endocrine disturbance menorrhea, hair on face). She said 
that she w ¢ ght eater, and all he te e had beer ird worke At 
the t t xperiment she “kept house” the family, doing all the 
cook g 1 general housework including floor bbing, in additior 
] The Weight a f 1S 
: Weight, Ke Date ( es Weight, Kg 
SSS 
s 4 x 
. 4 
s ‘ 130 
2 43° 
; ¥ ‘ 
8S 85.6 
"| spree 
zi 
- 4 hh f rai 1? 
Diet 
‘ Urir Weight 
Date é Fat Carbohy ( . Nitrog¢ Ke 
e . 1 RT 4 4 
R4 4 ns 8 
Ra ‘ 
4 = a » S ( 4.5 
m s4 s 4 SM . 
at 7 s { ] 
8 Ss 68 g 104.5 
i ~ am, 
‘ 88 A 8 
0 P % 6 ‘ 
ag ‘ ) ‘ f 
Octolhe $ s 6 x P 
nm an ” 4 “> , 8 ¥ 
to acting é d dietician t her diabetx the Previous notes on her 
food intake seem to i h a low lor alue as to make a weighed 
dietary study of parti st Basal metabolism 1,526 calories 
It will be noted that, except for the two days of her candy spree, the cal 
culated dietary periods were considerably under her basal metabolic require 
ment rhese periods represent no special time, but are typical of the food she 
t k as average diet while at hard la I It should e recalled here that 
tatistics on heart disease show that from tl tandpoint of incidence of heart 
‘ ase, the “1 ework” of the woman without domestic help places her 1 
the same clas the laborer [he very slight changes in the weight curve are 
lso typical of what the patient had found out for herself, that her weight did 
ot depend on the amount of food she ate. 
Case 3—A girl, aged 15, who weighed 105 kg., with the appearance ot 


gigantism, whe 


INTERN 





{ 
| 


WEDICINE 





height was 177 cm.: had basal metabolism of 1,844, 4.6 per cent. 




















STROUSE-DY E—OBESIT} VETABOLISM 273 
low normal of 1,933, was under hospital observation for a period of sixteen 
on a weighed diet. At no time during the study was the patient confined 
er bed, but she was allowed the freedom of the floor. Careful observation 
inces us that she ate no more than was indicated by the figure Almost 
day food was returned, and the chart indicated the only food eate It 
een that she maintained her weight for sixteen days on a diet cor 
bly below her basal requirements, and at the end of the experiment weighed 
g. more than at the beginning 
4—R. K., a woman, aged 26, whose weight was 78.3 kg., and whos¢ 
is 148.5 cm., had been under our observation for several year 
TABLE 3.—( e Woman With Vaginal I / 
I y Weight Vag 
ri Carbohy Nitre Bleed 
t Fat ate ¢ es ge t Kg rf. Me 
x ” 100 ” 7.4 cated whole pituitary 
4 $9 n 4 corpus te 
19 on GG 6 1 times daily by mout 
4 4 ( 04 8.9 
“ OH _ | 
4 7 “ 7 ‘ Desiccated whole p 
| 1,068 “ ( pus jute re s t 
8 : x) ( 4 8.81 times y byt 
4 4 ” 46 8 85 é 
, 06: 6.60 
” 1.06. 6.1 
"> ] pa Ss ( tric | v x I 
“> ; ; ”? 5 le { ul 
a“ ¥ 1 OMe 4 
“> 4 oo ” ] Obst pit ta Ti pus 
7 1) Tr m“~ 8.99 
” ™ 1. 
” ”") an? 7) 
y 0 . ‘ > acacia ‘ , 
”? os x hee ye ¥ 
a“? ¥ Lal hae 7 
; 0 g 
TABLE 4 f Woman Give ) ca 
Weig 
( ories Lt hg 
4 68.8 
; 7" 
TO 
RR 
r 
naintained a steady weight on a low caloric diet. She was admitted to 
hospital in November, 1923, because of excessive vaginal bleeding for which 
local cause could be found. Because of difficulty in keeping her in the hos- 
| without treatment, the dietary study is complicated by the administration 
irious glandular extracts. Her basal metabolism was 1,934: her activities in 
ward should have raised her energy requirements approximately 30 per cent 
For a period of one month her diet was approximately 1,050 calories, 84 per 
nt. less than her basal requirements, more than 100 per cent. less than her 
lculated needs. The weight curve (Table 3) shows a loss of 1 kg. during 
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the first four days, then a practically steady curve for fifteen days, followed by 
a more definite loss during an eight day period of thyroid feeding (desiccated 
t roid, grat iily ) 
CA . \ perfectly healthy “stout” woman, frankly give te ereating 
i erexe ng, with a normal basal metabolism, wished to be reduced 
lhe interesting feature in this patient lies in the very low caloric intake 
ry t e her weight 1.3 kg. in eight days Metabolism studies 
‘ i pertect n eta lism at the egil g and end ot the experiment 
except t tt ‘ rat y quotient ifter the eight days t ubcaloric diet, 
dicat xidat dy fat his of course was t e expected under the 
’ Tat + 


SUM MAR\ 
1. The literature on obesity is reviewed to prove the existence of an 


entitv, which for want of a better name is called constitutional obesity 


2. Persons showing this predisposition show no interdependence 
etween tood intake, energy expense and we ight 

> 7 ' . ' ' , ' 

». Wietary studies of some new cases are given; also a clinical study 


lealthy, very thin man ts given. 


} he data thus accumulated definitely prove that certain types of 











STUDIES ON THE METABOLISM OF OBESITY 


II BASAI METABOLISM 


SOLOMON STROUSI M.D., ¢ ( WANG, Pu 


In the first communication we showed both by quotations tron 


he literature and by our experiments that certain obese persons matt 


ined body weight on diets below their calculated caloric requirements 
lo explain this apparent anomalous balance between caloric intake and 


energy expense, we made an intensive study of the specific dynam 


tion of foods in persons of widely varying body build. The results « 
his study will be published shortly. \ rather large and interesting 
were accumulated during this 


ries of basal metabolism readings 


{ 

research, and since the subject of the basal metabolism in obesity cannot 
ve considered closed we present in this paper our data on the basal 
etabolism in obesit: 


IEW Ol rit LITERATURI 
Before the development of modern methods of studying gaseot 
exchange and the accumulation of more accurate 
irison, the literature on the metabolism of obesity contains much con 


jecture and a few isolated studies. In 1897 Magnus-Levy ® studied the 
basal metabolism of fourteen cases of obesity, and found no change 
tt in myxedema, in which condition he found lowered basal metabo 


excel 
ism. Jaquet and Svenson,* in 1900, suggested that variations in basal 
metabolism could not explain the metabolic anomaly in obesity, and 


ted that study of the twenty-four hour metabolism, including the 
They studied the basal 


predict 
effect of muscular work, would be necessary. 
metabolism of three cases in which a normal rate was found. 

In 1907 von Noorden* speaks of 


the processes of metabolism” but was able to report only twenty-four 


“corpulency due to a slowing in 


From the Otto Baer Fund for Clinical Research, and the Gusta Morris 
Rothschild Fund of the Michael Reese Hospital and the Nelson Morris 
Institute for Medical Research 

1. Strouse, Solomon, and Dye, M Studies on the Metabolism of Obesity 
1. The Relation Between Blood Intake and Body Weight on Some Obese 
Persons, Arch. Int. Med. 34:267 (Sept.) 1924 
2. Magnus-Levy, A.: Untersuchungen zur 
klin. Med. 3:269-1897; Der Einfluss von Krankheiten auf den Energiehaushalt 
Ruhezustand, Ztschr. f. klin. Med. 60:177, 1906 
3. Jaquet, A., and Svenson, N.: Zur Kenntnis des Stoffwechsels fettsuchtiger 
Individuen, Ztschr. f. klin. Med. 41:375, 1900 

4. Von Noorden, C.: Obesity. Metabolism and Practical Medicine, Anglo- 
American Edition, Chicago., W. T. Keener & Co., 1907, Vol. 3 
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he whole of the existing records.” 


criticized the correctness of these readings on various 


ls. Studies of Loewy and Hirschfeld * on three obese 


them to conclude that, up to their time, no one had proved 


excl in obesity In 1915 Means * again studied 


lange” 


He showed that the basal metabolism in two cases ot 
| oo eee ee he hour. using the 
gures er square mete al by the our, using tie 
was normal; in one case “hypopituitarism” it was 
\ ther cases (hypopituitary?) it was low One veat 
s “there is no characteristic change whatsoever in the 
even in verv extreme cases of obesity.” Occasionally 
ie onl | BE aS al oe ae 5 al ainical 
uction when clinical evidence of disturbed internal! 
esent His study embraced twelve cases 
so studied twelve cases and neludes that there are 
esit 
, 
;, ‘ ( 
Haussk Du Bois P 
Weig Height Basa dicted Basa 
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is obesitv. with increased basal metabolism. 
t101 f | 


s obesity with periodic vari basal metabolism 


ler of the normal 


us obesity (thyrogenous form), with basal metabolism 
than the lowest normal 
review of the work of Haussleiter, on the basis of our 
e with metabolic studies on obese persons, forces us to 
is experimental conditions could not have been perfect. 
Hirschfeld, F Beobachtungen tiber das minimum des 
Ein Beitrag zur Frage der sogenannten konstitutionellen 
ned. Wehnschr. 36:1794, 1910 
H Studies of the Basal Metabolism Obesity and Pituitary 
32:121, 1915 
H [he Basal Metabolism in Obesity, Arch. Int. Med. 17:704 
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le, or 


Some of his basal readings recalculated on either DuBois’ sca 


ccording to the Benedict-Harris prediction tables, and compared to the 


irge recent accumulations of normal belong to the group now associated 


most entirely with hyperactivity of the thyroid gland. 
Because of the difference in the results of Haussleiter’s studies and 
se reported by most other workers, it seems wise to report his cases 


nore detail. 


lalbot * reported one very obese child, aged 2 years and 9 months 
Frolich’s syndrome, who showed a basal metabolism 41 per cent 


w normal compared to age and 32 per cent. compared to weight 

n the large series of normal cases that Benedict and Carpenter 
wed are for 1 come with } oh and 19] relationchit rvit 

led, are round some with height and weight reiat Ip varying 


re or less from normal, but the variations in basal metabolism foun 


their series bear no direct relationship to the body build. For instance 
heir tallest and thinnest man showed a basal metabolism of 34.9 


lories per square meter per hour; their shortest and stoutest subje 
wed 35.2 calories per square meter per hour; and the variations it 
parently normal human beings were from 33.9 to 44.2 calories pet 


juare meter and hour. 


Grafe,'! in 1920, expressed the belief that most cases of obesity are 
t pure expressions of either exogenous or endogenous causes 
though one or the other is predominant in each cas¢ His studies on 


isal metabolism showed great variations 

Plaut 7* studied a large series of normal, obese, and constitutionally 
in persons, and found a normal basal metabolism in all cases of 
besity except in myxedema and thyrogenous obesity, in which the basal 
etabolism was lowered. In 1923 '* she added twenty-six more cases, 


ind arrived at the same conclusion. 


EXPERIMENTAI DATA 


{ 


ur own studies on basal metabolism were incidental to more 
extensive investigations of the specific dynamic action of foods in cases 


f obesity. During the season from 1920 to 1921 all the work was done 


ith a Benedict portable respiration apparatus During this year 

9. Talbot, F. B The Metabolism of a Very Obese Child with a Small 
Sella Turcica (Typus Frélich), Am. J. Dis. Chil 1. 20:331 (Oct.) 1920 

10. Benedict, F. G., and Carpenter, T. M Food Ingestion and Energ 
lransformations, Carnegie Inst. Wash., No. 261, 1918 

11. Grafe, E.: Zur Pathologie und Therapie der sogenannten konstitu 
tionellen Fettsucht, Deutsch. Arch. f. klin. Med. 133:41, 1920 

12. Plaut, R Gaswechseluntersuchungen bei Fettsucht und Hypophysiser 


krankungen, Deutsch. Arch. f. klin. Med. 139:285, 1922: ibid. 142:266, 1923 
13. Some of this year’s work was performed in the laboratory of Home 
Economics of the University of Chicago, with the active guidance of Prof 


Katherine Blunt 
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repeated readings were made on a somewhat small group of persons, 
including both sexes, and of body build varying from extreme thinness 
in he lt] pers s to cases ot ! larked obesity. Che usually accepted 
techni te The subject not having eaten for from twelve t 
tte I eviously, rode to the laboratory, and was given a rest 
period | it least thirty minutes before the test was started. Basa 
metab gured entirely on oxygen consumption Since the 
fall of 21, \ is been done with the Tissot gasometer, the 
gas analvses being made with the Haldane apparatus. ‘The cases art 
g1 r n t s of normal, underweight and overweight subjects, as 
- ‘ i { 
Heat I 
Dev ( il s ( spersS M 
t per H 
f Hi Twit 
No! I I I I 
He W t, pe or I | or } fe 
Sy} < ‘ \ a ( . I Cent 
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R 3 ‘ “ (Os ‘ , 
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E.S s ~ 4 l { 6 6.8 r 
ES ‘ : , » 3 16 
Ka ) a) s he > M 12 ¢ 
Ka $ s 1.9 ; 1 
s s sti 4 ( 6 
¢ ‘ eates fer , ma 
determined by comparison with the standards accepted by life insurance 


companies.'* 


Our results are given in Tables 2 and 3 and are graphically arranged 


l 


apparatus, Table 3 that done with the Tissot gasometer. 


in Chart lable 2 contains the work done with the Benedict portable 
It will be noted 
that body weight is the only “standard” we use and that our subjects 


No 


our sole object 


varied from 30 per cent. underweight to 140 per cent. overweight. 
attempt is made at this time to make clinical groupings ; 


was to obtain objective metabolic data on overweight regardless of the 


cause. 
14. Association of Life Insurance Medical Directors and Actuarial Society 
of America, Medi Actuarial Mortality Investigation, 1912 











\ll mathematical calculations of heat production are made on the 


ee ; ' 7 ie a 
sis of the Harris-Benedict prediction tables, and from the height 
ght formula for body surface of Du Bois ?* excepting in the case 
child, aged 12 years (Subject 30, Table 3), whose metabolism 
RI 4 ] } 
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I this column, 92 indicates female, d¢ male 


Based on Benedict-Talbot calculations 
Based on Du Bois formula 


as calculated from Benedict and Talbot’s studies.** The results are 

us presented in two forms, and except in the child, aged 12 years, it 
15. Carpenter, T. M Tables, Factors and Formulas for Computing Respira 

ry Exchange and Biological Transformations of Energy, Carnegie Inst. Wash. 
303, 1921 

16. Benedict, F. G., and Talbot, F. B Metabolism and Growth from Birth 
Puberty, Carnegie Inst. Wash. No. 302, 1921. 
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is quite interesting to note how closely the two methods of calculation 
approximate each other even with the widely varying types of persons 
studied.'* Otherwise the tables require no comment. 

In the chart we have drawn two curves, the lower one a weight curve 


} 


showing the deviation from normal of each person, and plotted as an 


ascending line from the lowest weight (minus 30 per cent.) to the 
highest (plus 140 per cent.). In the upper curve the variation of ea 


person from his normal basal metabolism ( Harris-Benedict predictior 
is correspondingly plotted. It can be seen at a glance that there 
no direct or constant association between the weight variation of ar 


} 


one individual and his basal metabolism \ll three groups show basa 


metabolic rates above and below the zero line, the majority being betwee 
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Results of basal metabolism experiments. Lower curve shows the deviati 
weight from normal of each person Upper curve shows the variation 


each person from the normal basal metabolism 


plus and minus 10 per cent. If we pick out for study the few cases 
which go beyond these limits, we find that Subject 11, Table 2 (minus 
18 per cent.) showed some clinical signs of myxedema. Subject 25 


Table 3 (minus 18.3 per cent.) had been operated on; both ovaries had 
been removed 

Subject 24, Table 3 (plus 24.4 per cent.) was reciving thyroid extract 
at the time the test was made. On a previous occasion, she had shown 


? 


basal metabolic rate of plus 12 


a per cent 
Subject 23, Table 3 (plus 21.6 per cent.) was a case of subacute 


polyarthritis with obesity. On a previous test she had shown a basa 


17. Means, J. H., and Woodwell, M. N Remarks on the Standards of 
Normal Basal Metabolism, Arch. Int. Med. 27:608 (May) 1921 





\ COMPARATIVE STUDY OF ‘THE PHENOLTETRA 
CHLORPHTHALEIN AND HEMOCLASTIC 
TESTS OF LIVER FUNCTION * 


\. GONZALEZ, M.D 
AN 
W. G. KARR, Ph.D. 


PHILA 


The early diagnosis of hepatic disease and of the type of les 


present is of the utmost importance. A slight enlargement of the live: 
I I s 


with without symptoms, or the occurrence of a group of sympton 
pointing to hepatic disturbance, is not an uncommon finding Chere ar 


also some obscure abdominal conditions, in which even the d 


diagnosis 


1 - ; ] ‘ ] . scele . ] @ all » 
the organ affected cannot be made conclusively In all these cases 
practical test of the liver function is a most welcome help in solving the 
os 
problen 
i 
Man , 1, —_—— 7 Da barbs lerandg 
any rocedaures AVE eC ( re ( aetecting derange 
a ae eee ry ; + , a ci a f ons 
Nnepalie l ( Lrne ma I VY Ale misec¢ e or more oO ¢ I 
tions attributed to the orga ut up to the present time few, if a 
have beet ie T vithstand a caretul scrutiny 
In 1909, A and Rowntree,' searching for an intravenous cathar 
ticed that when phenoltetrachlorphthalein was injected into expe 
t , ’ t + h ] + } +} ] Tr ] 1 
mie i l iS st ot the dve was excret he liver and recove 
in the fe inchange Further studies by other investigators « 
rine t esults ind indicated the ssible lue « the dve 
etecting hepat vstuncti Considerable work was done by measu 
an Sree ae oP a ld bh red either from ti 
y thie erce ige ( ve t cou ( eX ere either trom the tec¢ 
from the duodenal contents The inaccuracy of these methods 
evident 1 it is due to this fault that the dve test did not receive 
the clinical and experimental study that it deserved 
Since Rosenthal ? devised his new technic tor the colorimetric est 
mation of the dve in the blood plasma, many of the errors of the olde 


method can now be prevented. Rosenthal found that by intravenou 
injection of mg. of phenoltetrachlorphthalein per kilogram of bod 
weight, trom Zz to 6 per cent. of the dve could be detected in the blood 
plasma of normal persons after fifteen minutes, and practically none 


‘ I 


the end of one hour. In cases of liver disease, high percentages may be 


ix uv 


*From the Laborate ry or Biochet istry of the Philadelphia General Hos 





hool of Medicine of the University of Pennsylvan 
\bel and Rowntree J. Pharmacol. & Exper Therap. 1:231, 1909 

2. Rosenthal, S. M \ New Method of Testing Liver Function witl 
Phenoltetrachlorphthalein, J. A. M. A. 79:2151 (Dec. 23) 1922 
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d several hours after injection of the dye The test is one of the 


vest additions to our already loaded diagnostic equipment, and unless 


roves of decided value it will be condemned to perish like the Cam 


ge and similar reactions, which are now slowly passing into the 


~ 


re 


\ 


ves of medical history 


\nother most interesting and promising of these new hepatic tests 1s 


nded in what Widal, Abrami and Iancovesco * call the “proteopexic” 


ction of the liver. From experiments on animals with a modified 


fistula, they found that the introduction of proteose substances into 


systemic circulation so disturbed the colloidal balance of the blood, 


produce a complex reaction of constant character. They were able 
uplicate their results by feeding proteins to animals with experi- 
tally damaged livers. This indicated that the complex was depend- 
the inability of the liver to perform its normal physiologic action 


e digested proteins his complex, called the ““hemoclastic reac 


is manifested by a lowering of the blood pressure, hypercoagula 


; + 


1f the blood, decreased refractive index of the blood serum and 
the normal animal with intact liver, the results are correspondingly 
sed, namely, rise of the blood pressure, hypocoagulability of the 
increased refractive index of the blood serum and leukocytosis 
gested by the authors the leukocytic factor being the most con 
ind easiest to determine, is the one to which especial attention 
be paid. Feinblatt * tested eighty clinically normal medical stu 


and in not one single instance did he fail to get a leukocytosis afte 


g 
tion of a protein. Andreen-Svedberg,® of Stockholm, tound leuko 
to follow ingestion of protein in sixteen cases of undoubted hepa 
ease. This test has been studied much more frequently in Europe 
in this country. One group of investigators has suggested that it 


1 1 


sents a vague reflex and as such has no clinical value, or that the 
penia is only constant with “vagotonic functional neuroses” It 
lso been criticised in that it varies from day to day and represents 
a different distribution of the leukocytes. 
n the present work a comparative study was made of the phenol- 
ichlorphthalein and hemoclastic tests on cases of known or suspected 
disease. When possible, the pathologic changes of the organ were 
ined either at the operating table or at necropsy. A few cases of 


extrahepatic ailments were examined as controls. 


Widal, F.; Abrami, P., and Iancovesco, \ Presse méd. 28:893 (Dec 


4. Feinblatt, H. M Alimentary Leukocytosis in Eighty Normal Men, 


M. A. 80:613 (March) 1923 


5. Andreen-Svedberg, A Hygiea, Stockholm 85:115 (Feb. 28) 1923 
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MI Hops 

Phenoltetrachlorphthalein Test The technic of Rosenthal? w 
used, with slight modifications \ solution was made of which 1 « 
contained 20 mg. of the dye. The patient was weighed and the calcu 
lated amount for the sterile dye (5 mg. per kilogram of body weight 
was drawn into the syringe. From a vein in one arm 10 c.c. of bk 
was withdrawn with an appropriate needle. Through the same nee 
the dye was immediately injected. The need of washing the dye in w 
i Sterile saline solution was not apparent. [rom a vein in the other 
upproximately 5 c.c. samples of blood were withdrawn at intervals 
fitteen minutes, one hour and three hours, providing there was a rete 
tion at the end of the first hour Che bloods were centrifuged and t 
plasmas separ ited lo each was added one drop of 5 per cent sodiut 
hydroxid for each cubic centimeter of plasma \ssuming an alkal 
solution of the dye containing 10 mg. per hundred cubic centimeter 


to be 100 per cent., a set of solutions was made consisting of 100, 80, 6 


40, 20 and 12 per cent. respectivels lo small test tubes with equ 


diameters were added 0.2 ¢.c. portions of each of these solutions, a1 
0.6 c.c. of the plasma taken before the injection of the dye. This set 


standards, containing respectively 25, 20, 15, 10, 5 and 3 per cent. w 


used in reading the unknown plasmas ; 0.8 c.c. portions of the alkalinize 
plasmas taken after injection of the dye were placed in similar small tes 


tubes and compared colorimetrically with the nearest standard \s 


strictly quantitative method it is inaccurate, but increased accura 
would in no way enhance its value in the interpretation of liver dysfut 
tion 

1 


Hemo tic Test Che patient was fasted for at least five hour 


\ leukocyte count was taken. The patient drank one glass of milk at 
the time was noted. Four consecutive leukocyte counts were taken 
half-hour intervals. 

EXPERIMENTAI 


Control Cases—The six adults selected as controls were patients 


having medical conditions which had no apparent effect on the hepati 
functions. All these cases responded to the tests within normal limits 
and the results are graphically represented in Chart 1, which shows the 


average range of variation. 
CONTROL CASES 


Case 1—A man, aged 23. Chronic trachoma. The patient was otherwise 
healthy 


Case 2.—A man, aged 40. Tuberculosis of the cervical vertebrae. The patient 


was discharged improved. 


Case 3 4 man, aged 28. Tonsillitis; subacute arthritis; heart normal. |! 
was discharged cured, 








left to carry on the normal functions of the organ. 





} \ 1 if 12 \ e arti ir rine itisn ( p e Tec ery 
) \ il ge 2 Go! ea pht i] 4 I patient w ais 
cure 
6 \ il ge 4‘ Kc empyema I il signs i ght sice 
acot l re | a t 1s 1g 
; ; | | ] 
naestion e congestion of the live rom cardi 
fficiet is a common condit Its recognition 1s importance 
the therapeutic stat nt, | it is a difficult tas in ft se cases 
P ree ent the val s absent ( Dt r t eve! case of 
stion shows impairment clinically it would be ve hard t 
s¢ Phe duratior the disease and not the size of thi gan 1s 
ortant ctor t nsice \n acutely congested liver 1 show 
e , “te q 
I I Int] rmet! nies there Ss some ODS uction to the ithow 
The hemoclastic react 1s reneate Case 11 mont 
1 + 1 
in ul to be negative 
HEPATIC CONGESTI 
7 A 1 g \ egurgitat pe itior Live 
| % t T ce tie i* 
N \ ’ oe } 5? ‘ dies . ’ d ‘ | - 
6 cn el t Q Tende é p ice 
t is «dist ire ( I 
9A man. aged 43. Myocardial de it $ inca 
} 1 \ 1 
pe \ t narg Very t ler Lhe pat t r t graduall 
died soon afte the te wa < or ed N ecr 1 tted 
10 \ m iged 37 Mitral disease Gigantisn Liver 3 inches 
m elow the costal Painful N ndice Diseas yur 
duratior The patient improve ind was discharged 
1] \ man, aged 61 Chronic myocarditis Passive congestion of the 
Liver 4 inches (10 cm.) below the costal margin; pulsating and 
tender liver. The liver was still enlarged and pulsating, but the 
il condition was better The patient lived six months after the test was 
rmed. 
Veoplastic Cases —The test was applied to five cases of carcinoma 


one of sarcoma. Case 12 was selected because metastatic nodules 
re present at a previous laparotomy. The other patients had clinical 
mptoms, strongly suggestive of metastases of the liver. It is important 
note the large factor of safety of the organ. Only a portion of the 

rmal liver is required to maintain the average physiologic functions of 
he human body. It is evident that the metastatic nodules will produce 
ressure necrosis on the surrounding liver cells, but unless the nodules 
re very numerous or very large, there will be enough healthy liver cells 
The same explana- 
n holds good for similar pathologic conditions like abscess or cyst 
the liver 
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NEOPLASMS 
Case 12.—A man, aged 61. Carcinoma of the rectum: of twenty months 
duration. Laparotomy two months before test disclosed metastatic nodules i: 





the liver The organ was not enlarged or tender There was no jaundice. The 
patient was living six months after test 

Case 13 \ man, aged 61. Carcinoma of the head of the pancreas. Bi 
muth seri egative Liver 2 inches (5 cm.) below the costal margin. Har 
and irregular; not painful Che patient was deeply jaundiced and complain 
of it z The stools were acholi The patient died one month after the 
test Necrops howed biliary cirrhosis and the liver completely filled wit 

etastas : 

( 14 Ar ized 60. Car I f the stomach The liver was rt 
enlarge e Ww pa or j Lie Bismutl eries negative I 
leuk t t was ne sixteen hours afte idiothera lr} patient ¢ 
three mont ter the test. Necropsy showe me metastas parenchymat 
degenerati l itches t focal nect 

Ca 15 \ man, aged 56. Car ma of the rectum Liver 1 ink 

2.580 cn elow the tal margu N r jaundice The patient d 
( the ca ilter eing discharged 

CAseE 16 \ man, aged 55. Carcinoma of the color Diagnosis from 
muth series The liver was negative There was no jaundice The pati 
died of pneumonia 

Case 17 \ man, aged 23. Sarcoma of the right testicle of six mont! 
duratiot The liver could not be palpated, due to a large amount of ascit 
fluid. Distended abdominal veins and tenderness No jaundice. One mont 
after test ne showed sarcomatous nodules scattered through the liver 


Cholecystitis This group of cases comprised patients in which suc! 
diagnosis was primarily made. Of the four patients studied, three have 
) 


completely recovered. Cases 19 and 21 show a normal leukocytic reac 


tion, but with evident retention of the dye lhe curves in these cases 


rise after the fifteen minute period This sort of retention, als 
shown in Case 13, gives rise to a typical curve 
CHOLECYSTITIS 

Case 18 \ man. aged 60. Cholecystitis Malignancy? Liver 1% inch 
(2.30 cm below the costal margin No pain or jaundice [The patient made 
rapid improvement ul der treatment 

Case 19 \ man, aged 42. Acute angiocholitis. Liver 3 inches (7.6 cm.) 
below the costal margin Very tender Intense jaundice The patient wa 
discharged in good condition after six weeks 

( m0) \ woman. aged 46 Cholangitis or holecystitis Liver negat 
grossly The patient was jaundiced for five weeks. Operative drainage of th 
gallbladder with recovery 

Case 21 \ woman, aged 52. Cholecystitis and general paresis. The patient 
was intensely jaundiced. The liver was not painful. Necropsy three months 


after the test showed the liver was larger than normal, with passive congestion 


Cirrhosis In this disease the fibrosis slowly impairs or destroys 
the hepatic cells The greater amount of liver tissue destroyed, the 
| ~ ; 


greater the dye retention. The liver cells take the dye, but are sluggish 


in getting rid of it. Six cases of cirrhosis of the liver showed a uni- 
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COMMENT 


lhe liver mav be compared to the kidney as an excretory 


’ in org 
e kidney relieves the blood of its water soluble products while the 
removes those which are fat soluble. As phenolsulphonephthalei 
water soluble product, is excreted by the kidneys so phenoltetr 
lorphthalein, a fat soluble substance, is excreted by the liver. Their 
retion depends on the same two factors, a normal secreting cell and 
pen drainage. A carcinoma about the ureter or an enlarged pros 

e will impede kidney drainage in the same manner as angiocholitis 
hinder that of the liver. There are, however, two distinct differ 
es. First, the amount of excretory material passing through the 


I 


Iney is far in excess of that passing through the liver. Second, the 


6. Chaney, W. C.: Am. J. M. Sc. 165:856 (June) 1923 
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amount of secreting tissue in the liver is much more abundant than that 
in the kidney The conclusion is apparent; that in the same manner 
as phenolsulphonephthalein gives us information as to kidney function, 
so should phenoltetrachlorphthalein give us corresponding data on liver 
function, with the important exception that the liver has a much greater 
factor of safety. Because of this factor of safety, one can only expect a 
functional test to detect a more severe dysfunction or one which involves 
large number of secretory cells or the patency of the drainage system 
Further study of the obscure nature of the hemoclastic test might insure 
more delicate interpretation than this latter conclusion would indicate 
Examination of the charts shows a good agreement generally betwee 
the hemoclastic and phenoltetrachlorphthalein tests for liver function 
There are one or two discrepancies, for which the explanation is not 
ipparent. Some of the results would seem to indicate that the hemo 


clastic reaction is more sensitive than the dye test (note Cases 28, 29 


30 and 31) 
Rosenthal * states that in early jaundice due to obstruction, befor 


there is any extensive damage to the cells, dye is removed in practical 


normal time. The present data do not agree with this statement, but 
show that there is retention due apparently to the mechanical obstruc 
tion, and under these circumstances the hemoclastic reaction is negative 
(note Case 19 of acute angiocholitis). It is suggested that the leuko 
cytic test measures directly the physiologic integrity of the liver cells, 
while the dye test measures this integrity dependent on the patency 
of the biliary drainage system. 

\s shown by the charts, there may be more dye in the blood stream 


at the end of one of three hours than there is at the end of fifteen 
minutes, producing a distinctly typical curve. It is possible that there 
is a reabsorption of the dye from the bile capillaries by the lymphatics 
of the liver, in a manner similar to that by which bile itself enters the 
circulation in cases of jaundice. 

The uniformity of the results in cirrhosis is quite striking. The 
retention is not especially marked and definitely persists at the end of 
three hours. It emphasizes again the reliability of the liver function 
tests, when all or a majority of the cells are involved, in contrast t 
neoplastic metastases where only a portion of the cells are concerned 

The marked leukocytosis in some of the normal cases would cause 
one to believe that more emphasis should be laid on the relation of diet 
to the time at which routine leukocyte counts are made in many hospital 
laboratories 

Localized phlebitis occasionally follows injection of the dye. It is 
transient and of no consequence. A few patients complained of slight 


epigastric distress. Catharsis was produced in three cases 
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SUMMARY 
4 


The hemoclastic and phenoltetrachlorphthalein tests of liver func- 
m are used in groups of cases with primary or secondary liver disease. 


) 


e comparative results of tests are presented, with short comments on 
ch group of cases tested. In many cases the pathologic changes of 
e organ were determined either at operation or at necropsy 


It is suggested tl 


hat the hemoclastic reaction measures directly 
e physiologic capacity of liver cells, while the dye test measures this 
ipacity dependent on the patency of the biliary passages 

3. The hemoclastic reaction 

test, 


appears to be 
but a combination o 


more sensitive than the 
f the two is often helpful in diagnosis or 
en prognosis of obscure hepatic disease 
+. Emphasis is laid on the large factor of 
recludes the use of any 
( 


Satety ot 


f the live 
functional test to detect minor « 
organ 
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disease, 


a postmorter 


skin and 


and symptoms pointing to cirrhosis of the liver, pi 


liabetes are all present. Pathologically, all 


from its early beginnings, can be recognized, and « 


diagnosis 1s comparatively simple In 


, 
ti ] 


seventeen pathologically advanced cases, all with well mi 
cirrhosis, only two were recognized 
by the demonstration of hemosiderin in an excised bit o 


meningitis, et 


rhe | 
the 


f the 


two 


patients die 
and a detailed clinical history was often 1 
th 
n 


vathologic diagnosis in all instances was based on 


pigments characteristic of hemochromatosis, 
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ie clit servations available are not so complete as could be 
r the following reason. Hemochromatosis can be diagnosed 
lly only in its late stages when the clinical syndrome, namely, the 


gmentation ot 
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stages of the 
yn this account 
of 


this series 


irked pigment 


during life and proved positive 


f skin. Most 


1 of intercurrent affections, such as lobar pneumonia, 
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le presence of 
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fuscin and hemosiderin, in the cirrhotic liver and also in the pancreas 
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Study of the islands of regeneration ' in the human cases ot pi 


rrhosis shows that the young liver cells are at first nonpigmented, then 


inules of hemofuscin accumulate in them and in the course of time 
transformed into hemosiderin 


i 


I } N ¢ (>t Oct R} N ( 
\lthough occurring quite universally (in Chir pan, Germat 
ce especially perhaps, England, the United States emochron 
lr ] ] ’ idler () +) rant 
S S already stated, ¢ sidered a rare Isease this coun 
llowing statistics from the Pathological Department the Boston 
Hospital, covering a pr 1 of twenty-six years, from January | 
am : . 
/ to March 11, 1923, are of interest 
Necropsies on adults 3.760 number ot ses ot he hror tosis 
percentage of cases of hemochromatosis, 0.42 
7 + 
(here are three other well marked cases which cannot be 1 r 
, , , — 
Is series because they are complicated Dy the presence I 1c 114 
in, and it seems best to confine this study to the pure pigment type 
lesion 
Che statistics for the one vear, which includes the te ses, neces 
. a & s4a¢ ] 1, ¢ ] 5» . " 
gives a much higher percentage, a figure which has probably never 
n reached before 
Necropsies of adults, 289; number of cases of hemochromatosis 


percentage of cases of hemochromatosis, 3.46 


No explanation of this high percentage is evident, for during the 
ceeding year under exactly the same conditions and with interest 
ibated, not a single case has been seen. The large number of cases 


st probably be considered an accidental occurrence 


CAUSI 
Recently * it has been shown that it is possible to produce pigment 
rrhosis in rabbits by means of chronic poisoning with copper salts, 
nd that the lesion similar to that in hemochromatosis is characterized 
the deposition of hemofuscin in the liver and other cells. In the 


urse of time this pigment very slowly changes to hemosiderin 
In studying the clinical records of our cases, particular attention 
as been paid to the possibility of poisoning by copper. The results 


btained are strongly suggestive but not convincing. The twb most 
likely sources are an occupation which exposes a person to the inhala- 


m and swallowing of copper dust, and excessive indulgence in dis- 
tilled liquors. 


1. Mallory, F. B.; Parker, Frederic, Jr.. and Nye, Robert N.: J. M 
42:461, 1921. 
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The patient (Case 8) from the Peter Bent Brigham Hospital * had 
worked for twelve years in a shop “milling and turning copper and 
brass.” The body presented the typical picture of the disease which was 
recognized and proved during life. Another patient not included in 
this series, because the lesion was not advanced enough, had worked 
for six years in a brass foundry and then on account of “brass colic” 
changed to an iron foundry for the ten years preceding his death 
While the liver showed but little hemosiderin the stroma around the 
blood vessels and in the capsule contained relatively large amounts ot 
hemofuscin. Evidently the hemofuscin in the liver cells had changed 
to hemosiderin and had been for the most part gradually removed, but 
in the connective tissue cells this change had not occurred and there 
fore the hemofuscin, not being soluble, had persisted. 

Four other patients in our series had been metal workers and 
exposed to copper for many years; one spent two years mulling and 
planing brass and then had continued for thirty-six years in_ the 
‘ly ventilated, dusty quarters working on high grade steel; 
nother forged metals for twenty-five years in a railroad shop wher 
copper was handled; one was a lineman for a fire department fot 
twenty-three years, fixing cable and telegraph wires; still another 
worked for thirteen years in a factory polishing pipe wrenches in the 


’ 1 1 
Same quarters where brass pipes were n illed and worked 


| I 
In six of our cases a historv of marked or excessive use of alcohol 
was obtained. In three it was denied, in two no history was available 


\n alcoholic history is of significance because distilled liquors fre- 


quently contain copper, often from a trace to 10 mg. to the liter, but 


occasionally in considerable quantity. In one sample, analyzed by Dr. 
L. T. Fairhall,® there were 185 mg. of copper to the liter. The source 
of the copper in distilled liquors is probably to be found in the action 


over with the alcohol and 


of volatile acids, especially acetic, passing 
cting on the copper coil of the distilling apparatus 

Other possible sources of copper are “coppered’”’ peas, beans and 
pickles, apple butter which is acid and usually cooked in copper kettles, 
and perhaps copper utensils (kettles, saucepans, hot water heaters, etc.) 
One patient had worked for eighteen years in a cannery cooking fruits 
in copper kettles. In a small proportion of our cases, less than a third, 


no source of copper poisoning was evident 


pper | 
AGI 

Hemochromatosis does not occur in children. Sprunt* states that 

the disease period is from 30 to 70 years of age but no patient under 


2. We are indebted to Dr. G. H. Hansmann for the necropsy material and 


to Dr. H. A. Christian for the clinical history 

3. Personal communication to Dr. F. B. Mallory 

4. Sprunt, T. P Hemochromatosis, Arch. Int. Med. 8:75 (July) 1911; 
Nelson Loose-Leaf Living Medicine 3:207, 1920 
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was found in the literature. In our series the youngest and inci- 
ntally one of the most marked cases was in a woman, aged 31, while 
oldest was in a man, aged 84. The advanced age at which the 
ise makes itself evident clinically is a strong argument in favor of 
view that the lesion is exceedingly chronic and requires a minimum 
ten years in which to develop Che fact that youth is not affected 
gests that it is not exposed to the toxic agent which causes the 
se 
SEX 

\Vomen are usually considered immune to hemochromatosis because, 
lready stated, only one generally accepted case *® is on record. The 
ition of these new cases, all well marked and proved by postmortem 
ination, must necessarily change this point of view. Evidently 


sease 1S rare In women not on account of any Immunity but 


ng to less exposure to the sources of poisoning which could causé¢ 


lesions. We have found the earlier stages of the process in the 


in several other women, sometimes alone, sometimes associated 


alcoholic cirrhosis. 


SIGNS AND SYMPTOMS 
he order of occurrence of the lesions of hemochromatosis, wh 
uce the syndrome characteristic of the disease, are cirrhosis of the 

pigmentation of the skin and sclerosis of the pancreas. Eleven 


ur series were admitted with signs and symptoms directly referable 


ne or all of these lesions. The remaining six entered the hospital 
ise of complications (lobar pneumonia, meningitis, etc. ) Eight 
plained of swelling of the abdomen and of symptoms arising 
refrom, and five of jaundice. Three had noticed gradual darkening 
the skin of the face, neck and arms \ majority when questioned 


uitted asthenia, loss of weight, and absence of the usual well being 


one had intermittent dull aching pain in the region of the liver 
ne was found dead in bed and no cause of death other than the 


hosis was discovered. One showed the usual train of diabetic symp 
s, polyuria, polydipsia and polyphagia. In other words, ten had 
ns or symptoms pointing to the cirrhosis, three to involvement of 
e skin and only one to diabetes. The liver was not found to be con- 


ntly large. Indeed in most cases it was of small size or within the 


ormal limits. It was not grossly distorted in shape unless complicated 


n 


1 


ilcoholic hobnail type. The variations in size of the liver were found 


some other condition and the surface was finely nodular, in a num- 
r of instances of a “pebble-leather” character, differing from the 
| 


have a very definite relation to the presence of sympcoms indicative 


f obstruction to the flow of blood or bile. When the organ was large 


5. Abbott, Maude I J. Path. & Bacteriol. 7:55, 1901 





gastro-intestinal disturbances, abdominal varicosities, ascites and jaun 
ice did not as a rule occur. On the other hand when it was small on 
or all of these were common. The table shows the weight of the liver 
ts relation to obstructive symptoms. When its weight was above 
1.800 g upper normal limit) ascites and jaundice wv 


were not present 


, ‘ 
except in two instances as a terminal event When below this, eithe 
; 
persistent undice or ascites was almost constant {JT seventeen cast 
.—— , i. — ~ wl & taal aan st +] 
re ere ed, tw noweve ist be e ce in twe 
' the terus exceeded six months. In eight the +. 
tCTu CACC aed . Ill Lil l isiit ¢ W Ss ( 
six the two symptoms were combined. In one there was jaun 
+ + ] | ] + 
iscite wing to well marked compensatory cir¢ t 
( c r iver probably depends on ne or all of sever 
, 
ictors, s the stage of the process, the quantity of toxic age 
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duced by it, the presence or absence of regeneration, and rarely fatt 
infiltration. Probably the time factor is important. In the early stages 
necrosis, inflammatory reaction, and regeneration lead to enlargement 
of the orgar Later, when regeneration plays a less important pa 

the increased stroma contracts, the organ diminishes in size. If 


the process is very slow, the circulation of the blood and the flow 
the bile may 


accommodate themselves to the condition so that obstru 
tion of either does not occur. If, however, the changes are more rapid 


1 
| 


blocking of the 
place. As a result of the liver lesion death may occur before the other 
signs of the syndrome have had time to develop 

The size of 


lood and bile may result and ascites and jaundice tak« 


the spleen (see table) bears no relation to the size of 
the liver. It was by no means constantly large, for in five cases it was 
below 200 gm. ‘These particular findings as regards the liver and spleen 
are of special interest because they vary widely from what has been 


described. Thus Sprunt,‘ in summing up the literature, says in part: 
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he liver is characteristically large and irregular, and may be tender. 
e spleen is also enlarged and as a rule is easily palpable. There 1s 
jaundice.” 

Pigmentation of the skin, the second of the classical signs, usually 


ecedes the diabetes and is of two distinct types.. The characteristic 


is due to the presence of the hematogenous pigments, hemofuscin 
hemosiderin in the corium, especially around the coil glands, but 


in the subcutaneous fat tissue. It shows itself as a dull gray-brown 


dirty brown discoloration of the skin of the extremities (face, neck, 


rearms, hands, front of wrists, legs). A positive diagnosis of hemo- 


omatosis during life is based on the demonstration of the presence 
hemosiderin in an excised piece of skin. 

Che other type of pigmentation is due to increase of melanin in the 

and other organs and tissues of the body in places where it nor- 
lly occurs, and is without much question due to injury of the adrenal 
inds by the accumulation of the hemotogenous pigments there. In 
er words, Addison’s disease is produced. As the lesion in the 
renals is confined practically to the zone glomerulosa it would seem 
though destruction of this layer was chiefly responsible for the 
rease of the melanin. 

lhe two types of pigmentation ordinarily occur separately but may 

do occur together, and this probably accounts for the variations in 
descriptions of the appearance of the skin in hemochromatosis by 
ferent authors. 

Diabetes mellitus is always a late symptom when due to the pig 
ntation, necrosis and sclerosis of the pancreas, but hemochromatosis 
y of course complicate diabetes that is already existing. One of the 
) cases in our series had been a mild diabetic patient for years. In 
other, diabetes followed pigmentation of the skin and ran a rapid 

progressive course to a fatal termination. 

Complications of the disease are of frequent occurrence, as with 

other very chronic disorder but it has one sequela, primary liver 

carcinoma, which is relatively frequent and which it shares with 
e other chronic lesion of the liver, namely, alcoholic cirrhosis. In 

series of seventeen cases we had three well marked examples. The 
ion evidently arises as a result of the continued necrosis and regen- 
tion of liver cells. Some one cell eventually gets beyond normal 
ntrol and proceeds to proliferate with the resulting formation of a 
rcinomia. Whenever the liver is unusually large, and particularly 
en the increase in size is not uniform, superimposed malignancy 
ould be suspected. In Case 1 the right lobe was found to be almost 


ntirely replaced by tumor, and the hepatic vein and inferior vena cava 
lmost completely occluded by a cancerous thrombus without, however, 


any time causing obstruction to the flow of blood or bile. 
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SUM MAR 


is paper presents an analysis of seventeen cases of hemochr 
tosis, which with one exception came to necropsy at the Boston City 
spital during the last twenty-six years. Fourteen cases were patients 


the wards, and ten, or 62 per cent. came to necropsy during one year 


The series includes three women. 


Five patients in their occupations had had long exposure to copper, 


at least six cases had a strong alcoholic history 

Six patients were admitted with symptoms directly referable to the 
sease. Eight complained of swelling of the abdomen or symptoms 
erefrom, and five of jaundice. Three had noticed gradual darkening 

the skin of the face, neck and arms. One patient was found dead 

bed, and no cause of death other than the hemochromatosis was 
scovered. Six patients were admitted, and died because of associated 
ut irrelevant lesions. Three died of superimposed primary liver cell 
ircinoma, 

[he spleen varied in size from large to small, and the variations 
ere not related to the size of the liver. 

Skin pigmentation is of two types, one due to hematogenous pig- 
ents. the other to melanin 
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Hemochromatosis may be complicated by alcoholic cirrhosis and 
vice versa 
CONCLUSIONS 

Chronic poisoning with copper may be the cause of hemochromatosis 
The most likely sources of the copper are occupations involving expos 
ure to copper and brass, excessive indulgence in distilled liquors, and 
possibly “coppered” food stuffs. 

The liver is not constantly large, it may be small but is often of 
normal size 

The spleen may be large or small. 

Ascites and jaundice both occur. Their frequency bears a definite 
relation to the size of the liver. 

The disease occurs in females 

Primary liver cell carcinoma is a not infrequent sequela. 











A CLINICAL STUDY OF BLOOD FIBRIN 


WITH OBSERVATIONS IN NORMAL PERSONS, PREGNANT WOMEN, 


* 


AND IN PNEUMONIA AND LIVER DISEASI 


D. P. FOSTER M.D 


BOSTON 


INTRODUCTION 
Foster and Whipple? have reported a method for the quantitative 
ilysis of blood fibrin which is suitable for clinical investigation 
1use it is relatively accurate, and requires but 5 c.c. of blood on 
ilysis. Their work demonstrated that small variations in the level 
blood fibrin occur in normal dogs while disease (experimentally 
duced) in these animals causes very wide and rapid fluctuations of 
is blood protein. 
Injury to any tissue, excepting the liver, was found to cause an 
rease in the blood fibrin content. This increase was constantly 
served, for example, when sterile abscesses were produced by the 
hcutaneous injection of turpentine, when the animal was exposed to 
ssive doses of deep roentgen rays or when suffering from “dis- 
per,” a common acute respiratory infection in dogs. If the liver 
severely injured, as by chloroform or phosphorus, a decrease and 
an increase in blood fibrin occurs. However, following mild as 
posed to severe liver injury, there tends to be a rise instead of a fall. 
ese observations on animals led to the clinical investigation reported 
the present communication. 
Older methods of fibrin and fibrinogen analysis have been discussed 
compared with the method used here, in the work by Foster and 
Vhipple.t. Cullen and Van Slyke? in 1920 and Gram ®* in 1921 have 
ported methods of analysis which give results similar to those 


tained in the present work. 


NORMAL FIBRIN VALUES 
The most extensive series of fibrin determinations in health and 
sease yet published is that by Gram.‘ His figures for the normal 


*From the Medical Laboratories of the Massachusetts General Hospital. 

* This paper is No. 35 of a series of papers on the physiology and pathology 
the blood, from the Harvard Medical School and allied hospitals, a part of 
e expense of which has been defrayed by a grant from the Proctor Fund for 

study of chronic disease 

1. Foster, D. P., and Whipple, G. H.: Am. J. Physiol. 58:365 (Jan.) 1922. 

2. Cullen, G. E., and Van Slyke, D. D.: J. Biol. Chem. 41:587 (April) 1920. 

3. Gram, H. C.: J. Biol. Chem. 49:279 (Dec.) 1921. 

4. Gram, H. C.: Acta Med. Scandinav. 56:107 (March) 1922 (article in 
nglish). 
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fibrin are based on twenty-five analyses on men and the same number 
on women. His average results and those of other investigators aré 
compare vith mine in Table 1. The average figures presented in thi 
paper are bas« n duplicate analyses on twenty-three normal men and 
nineteen normal womet 
Che rest eported by Hammarstet al Mathews ® are base 
ona s | un of analyses and were computed before the mort 
iccurate et s were evisec Lhe hgure ire theretore, proba 
less curate than those of later workers Whipple’s figures ‘ 
stv le by | a rmal or ipproxi atelv 1 mal He has includ 
case esults we now know to be abnormal 
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The t 1 lable 3 is presente narily to emphasize the fact 
that the extreme normal fibrin values recorded are rarely reached 
the vast n rity of results falling within the limits for men of fron 


f r from 125 


] 
plasma or! 


250 to 400 me. per hundred cubic centimeters 


centimeters of blood e extreme values 


and Whipple 


to 200 mg. per hundred cubi 
reported by Mathews,® Hammarsten not observed 


5. Hammarsten, Olot \ Text Book of Physiological Chemist New Yor 
John Wiley & Sor 1914 

6. Mathews, A. P Physiological Chemistry, New York, William Wood 
& Co., 1920 

7. Whipple, George H Am. J. Physiol. 33:50, 1914 


/ 











issible that the 


Foster and Whipple o1 





from 300 to 425 mg. per | 


inrecognized pathologic conditions. 


} 


ovs 
i 


extreme values recorded ma 


Chat 


fibrin values seems to be established by 


as well as by 


the 


ibic 
met 
ul 


there 


1s 


ue 


t bk 
4 
rw 
Dete 
M M 
4 
0 
‘ 
I 
per 100 ¢ 
B 
to some 


a normal 
Gram’s work and by that 


data offered here 








304 {RCHIVES OF INTERNAL MEDICINE 


FIBRIN VALUES IN NORMAL PREGNANCY) 
Before undertaking the study of fibrin in the toxemias of pregnancy 
ten estimations were made on normal pregnant women to ascertain the 


physiologic variation in this state. Gram ‘* 


found that as pregnancy 
progresses, the blood fibrin level rises. This observation was confirme 
by the present work. The patients examined were in from the sixtl 
to the eighth months of pregnancy and were clinically free from disease 
lable 4, in which the results of these determinations are given, show 
the average fibrin value for the plasma to be 415 mg. per hundre 
cubic centimeters in pregnant women as compared with 344 mg. pet 
hundred cubic centimeters in the nonpregnant. The average valu 
for the whole blood was found to be approximately 94 mg. higher 


pregnancy. 


PaBLe 4.—Ftibrin Values in Normal Pregnant Women* 





Fibrin 
Sys (Average 
Mont! tolic Two 100 100 
of Blood Determ Cu Cu 
Preg Pres vd nations, Plasma, Blood, 
nancy sure Cells Meg Mg Meg Remarks 
6 12! 5.8 46 18 Slight edema of legs 
S 120 4 0 $ 0s Constant leukorrhea 
. 120 6 ‘1 4é 
8 eo $ 7.6 4 
Ss x ) 7.3 40 ‘ 
8 0 8 8.0 4 ¥ 
it ~ 6.6 Pri ad ” 
8 10 { 8.4 oL i 
8 s 8 RD "1 Slight trace « } 
9 ) 6 4K 
Averages 8.9 414.9 73.3 
Highest 16.0 M40 1) 
Lowest ) Ae 18 
Difference bet weer 
highest and low 
est 9.0 104 


The temperature of these women was normal 


FIBRIN VALUES IN TOXEMIA OF PREGNANCY 

In view of the foregoing experiments on dogs with liver necrosis 
it was anticipated that patients suffering from toxemia of pregnancy 
might show a pathologic fibrin curve, because these patients at necropsy 
typically show some degree of liver necrosis. It was found that toxemia 
suscepts fell into two groups: (1) patients with nephritis and (2) 
patients without nephritis. Blood pressure readings and the albu 
min examinations of the urine are included in the tables, as they aré 
the most reliable clinical data suggesting the onset of toxemia. Whether 
a patient had chronic nephritis or not was finally determined by exami 
nation several months postpartum for clinical and laboratory evidence 
of this disease. In this series of six cases, with symptoms suggesting 


toxemia (headache, lassitude, loss of appetite, elevated blood pressure, 











gether with edema and albuminuria), those demonstrated t 
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» have 


hritis showed a normal or but slightly elevated blood fibrin, while 


Cases ¢ 


re 


marked elevation of the blood fibrin level. 


fibrin values become subnormal, and none of the cases studie 


»f eclampsia and preeclamptic toxemia tended to show a 


In neither group did 


| were 








tal. Only one of the typical cases of toxemia had convulsions, and 
TaBLe 5.—Fibrin Values in Four Cases of Toxemia of Pregnani 
Hemato- Fibrin 
erit . A 
Blood Red Average 
Pressure Blood Two 100 1 
Cells, Detern Ou C.c 
Sys Dias- per nations, Plasma, Blood, 
tolie tolic Cent My Meg. Mg Re rks 
H Mild toxemic symptoms No convulsions 
140 100 9.0 &.0 4s oF Urine, very slight trace t 
140 100 v 8.4 412 8 Symptomless 
1 100 9 8.0 475 mt) 
1S 1] 44 8. 510 sO Fdema of hands rine, slight 
albumin, heada 
16o 120 41.5 7 440 ‘> 
Delivered (low forceps 
130 1 w.0 10.1 m™ 4 
130 yo Sf 8.2 45 r Nor! ] conv: t é very 
sligt tract I 
Moderately severe toxemia No convulsions 
Iso * Bled 0” Cn 
130 i A 10 vn fi Urine slightest possible b 
min; clinically toxic 
140 ” 6 9.9 6 389 
140 ” 0 S 471 44 Clinically improved 
Discharged, home 
"> ] 0.4 2.4 {78 51 Nonprotein nitrogen blood 45 
mg. per 100 cx 
130 ” 8.0 1) ‘ 
Delivered of twins 
% ( ” 9 an 4] This se is probably due to the 
repair of terine trauma of birt! 
and is normal and regularly seer 
Me Severe toxemla No convulsions 
40 100 44 10.4 & > Slight trace alb ‘ 
LM 100 48 9 70 06; 
130 100 4 8.6 | 286 
140 100 4 10.0 Lies 3H Edema of shins ] ve s id 
ache; malaise 
Delivered 
lin - aa 
Blood nonprotein nitrogen, 28.4 g 
per 100 c.c.; urine, slightest possible 
trace albumin; report from Mass 
Gen Hosp.: no evidence of 
chronie nephritis” 
Very severe toxemia Convulsions 
170 10 51 10.8 670 9 Slight tinge of bile in plasma, sligl 
trace urinary albumin 
2% 170 . . Bled, 4290 e.« 
160 140 46 o4 612 330 Had a convulsion after the delivery 
of dead fetus 
1% 100 89 4 5h 336 Still dangerously ill 
125 oO 4 8 760 135 Rise here probably due to birth 
trauma and infection; tempera 
ture 101 
10 ® 45 8 0S 280 = Clinically much improved; renal 
function, 40 per cent. 


highest fibrin values are recorded for this case. 
mptoms and the degree of fibrin elevation run parallel in this small 


ries of observations. 
Table 5 gives fibrin values obtained on succeeding days in four cases 


f true toxemia of pregnancy of varying grades of severity. 


The severity of the 


Table 6 


ives interval readings in two cases of nephritis during pregnancy. 
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Che difference in the figures obtained in nephritis and those foun 
in patients with true toxemia of pregnancy indicates that the under 
ing patl hvsiology in these two conditions is in all probabilit 
dissimilar 
© i ere case of eclampsia studied gave a high rather tha 
w | rin value, contrary to what might be expected in seve 
t t would indicate that the symptoms 1n_ the 
tie robably not due to liver insufficiency. This opinion 
é t bservation that the tv tients with acute hi 
; wing typi ] , t } live i? sufficic ncy lid 1 
t 1S ev I nnectio! it none ¢ 
nd WI le’s expr ents with live jure 
‘ 
} 
R v 
‘ I ( ‘ 
( M : M \ if 
8 « t 
' W 
‘ I 
9 68 
esthes r i } - ‘ whe the brin « tent 


blood rema d above normal It was only when the liver i 


the ine ia) e nol i | 
\ ev igh to cause a low b fibrin that death occurred 
é tum fibrin rise, recorded in Tables 5 and 6, is probabl 


best explained as being due to the trauma incident to birth, for injut 
to any tissue excepting the liver causes an increase in the fibrin. Ii 
infection is present, this postpartum rise is still more marked (s¢ 
Mrs. D., Table 5) 

The patients with nephritis were equally as sick, judging from cln 

evidence is the case of “severe toxemia” Mrs Mc., Table 5) 
But it will be noted that the fibrin value in the latter was 622 mg 
hundred cubic centimeters of plasma or 342 mg. per hundre 
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centimeters of whole blood, while the highest value in the former 





515 me 1 hundred cubi ntimeter _o me SR ee 
. py pel naread cupic cen neters ol lastila T L/¢ 
undred cubic centimeters of whole blood \n estimation of 
lood fibrin should, therefore, aid in the differential diagnosis of 
1 of pregnancy and nephritis accompanying pregnancy Inspec 
(;sram’s* determinations reveals evidence to support sucl 
7 
it He reports tw cases Of nephritis complicating pregnar 
lasn brin values of 580 ar 180 me ; ' , 
eters 01 whole blood fibrin figure of 290 n er hu 
cent eter I ot es riis one case te emia t pregnan 
plasma brit of LW) l |e } y ( 
cubic centimeters 
FIBRIN VALUES IN LIVER ATROPHY 
= . C Bee s ™ ith sul — entail | 
4 ses OT liver atrophy, with subsequent necropsy 
: 1 1 . 1 +7 1 4 
fibrin levels in both plasma and whole blood. n one patie 
gorous treatment with arsphenamin was the probable caus« 
while in the other patient the etiology was not know1 
f ; oe 
/ gives the results in Case 1. 
‘a 
; , 
Ww I « 
‘ t “¢ moe 
) per ¢ M I 
} ) 0.4 S ROK 
t M ie | | 
it a tl " 
é ite bl ] S a! ed 1 tl table l ¢ 
th t et of a tern t in te by the risir ‘ 
. te « int. the rin \ mila re t wa | 
t 1 Whippl ent live ry en ste 
T t T ( 
’ Live The gan we ghed YOO m normal 1 3% t 
t The ice places was granular and the edg« tl 
t there wa me crease in ct tency The sectioned ( 
t show definite evidence of softening Vessels were engorged Gall 
ler and ducts were normal. Microsc pic sections of the liver showed 
il degeneration over wide areas; in a few sections, restricted areas ot 
and many bile ducts. Lungs The pleura showed a thick fibrino- 
ent exudate adhering to the surface On section, the lung was moist but 


umonia areas were seen or felt 
Case 2.—Mrs. D., an Italian housewife, aged 48, was admitted to Massa- 
etts General Hospital, with a history of liver atrophy. By our method of 
lysis only a few shreds of fibrin were recovered. So small was the amount 
brin present that quantitative estimation was impossible although determina- 
ns were attempted on three consecutive days 
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Vecrops The liver weighed 700 gm. The capsule generally was rat 
smooth except toward the margins where there was some fine wrinkling. Show 


ing through the capsule here and there were small, discrete, brownish-red area 
Elsewhere the surface showed a dull, reddish color. On section, these brownis 
yellow areas were found to be slightly softer than the surrounding, more neat 
normal appearing tissue. The gallbladder and ducts were negative. The 
was thick and stringy 
Microscopic examination showed the absence of hepatic cells over wide ari 

[The tissue in such areas consisted almost entirely of a hemorrhagic stror 
in which were groups of structures like bile ducts. In places islands of liv 


cells were present. One or more of the sections showed liver tissue in wl 


were areas devoid of liver cells and infiltrated with mononuclear cells. Exar 


nation of kidney, spleen and pancreas was negative 


FIBRIN VALUES IN POSTARSPHENAMIN JAUNDICI 

Five cases of postarsphenamin jaundice were studied. None 
these cases were deeply jaundiced and none were fatal. During 192 
and 1921 twenty cases of jaundice from arsphenamin were observe 


in this hospital. The typical symptoms in these cases were malai 


and anorexia, followed in two or three days by jaundice. Some patient 
dark colored urine; a few had inf: 


noticed had light colored stools and 
quent attacks of vomiting. The time that elapsed after the last ar 
phenamin injection and the development of jaundice varied from o1 


to 


to ninety-one days. Jaundice in the nonfatal cases persisted fr 


twenty to sixty days. The course of the disease, after entrance to t 
hospital, in the fatal cases was from four to twelve days. From tf 


to twelve intravenous treatments of 0.4 gm. of arsphenamin or 0.6 gi 


f neoarsphenamin had been administered 


Che fibrin values in the nonfatal cases studied were all above n 


1, indicating that the liver damage was not very severe. Table 
gives the fibrin values for five of the cases studied. The findings 


other cases were similar. 
In considering these data it will be recalled that the gallbladd 


l 


and bile ducts were normal in Mr. R Further, Gram?‘ report 
(Table 52) four cases of catarrhal jaundice with an average plasn 
fibrin of 380 mg. per hundred cubic centimeters and an averas 
blood fibrin of 210 mg. per hundred cubic centimeters. One ca 
of catarrhal jaundice studied by the author had a plasma fibrin of 38 
mg. per hundred cubic centimeters, or a blood fibrin of 176 n 
per hundred cubic centimeters. Five duplicate determinations wet 
made on this case during one week, from which this average wa 
computed. ‘These results seem to indicate that postarsphenamin jaundic« 
is due to parenchymal liver injury and not to pathologic changes 
the bile ducts. 
FIBRIN VALUES IN LOBAR PNEUMONIA 
It has long been known that pneumonia is associated with high bloo 


fibrin. Foster and Whipple’ (Paper 4, Table 53) give the result 
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btained in nine cases of influenzal pneumonia. All these cases showed 
high fibrin levels The average of their series was 1,046 mg. of fibrir 
per hundred cubic centimeters of plasma or 498 mg. ot fibrin 

hundred cubic centimeters of blood All of these cases were fatal 


Gram * (Table 34) reports twenty-two determinations on patients wit! 








nfluenzal pneumonia with the average reading of 620 mg. of fibr 
, , . , _ ‘ ‘ 

CT ul re cubic centimeters ol! plasma or 3/U me oO! nprit 
hundred ubi centimeter f whole blood He also re ports 
co. % f ’ , th Iahar 

it) ‘ a per, seven determinations on cases Wil 1opdartT pre 
mont ith at verage plasma fibrin of 1,050 mg. pet hundre 
uM I f Lobar neum H 
H I 
Red Average 
Blood Two on 0 
I Ww Cells, Detert On ‘ 
ease t " 1 per nations, Plesma. I 
Days ‘ ( Meg Me M Re ks 
M. Lobar pe I, ¢ , ted by em] 
400 47 0 mt) 411 ” ¢.c. Type I ser 
Ls Mm 47 cece. Type I s 
1 ”» $ 64 th ISO ct ype I ser r 
2 m4 so 44 8.7 ; 
; 100.4 mo 44 7.0 425 - 
” > 300 44 8.9 D> a ( £ ches pa 
100.6 ™ 41 &.5 Mm” 4 } 1 signs chest 
4 ” 4 J.1 a4 
600 c.c. fi . _ 
( w.M 
i rec 00 8 8 OK 7) 
1 Om 4 4 4 4 ‘ cal I 
( M 
} “ 1x | 164 1.050 Atypical Type I pne on 
tuberele bacilli fe 1d SI 
Oo ” ‘0 225 Temperature hree prev 
lays below 
¥ ~ LD 60 64 remperature xt day 
¥ ”) ( 85 44 Patient comfor t ve ‘ 
( Ww. M 
Pos ~ 4 ( 438 ) Bloc chio r al { 
{ ) ) 
centimetet r an average whole blood fibrin of 610 mg. per hundr 


cubic centimeters \ll workers have found a high blood fibrin during 
the active stage of lobar pneumonia 

In the present study, the blood fibrin rapidly dropped to a normal 
or nearly normal level following an uncomplicated crisis. Any compli- 
cation, such as empyema accompanied by fever, caused the fibrin level 
to rise again. It will be noted that the fibrin curve and the white blood 
cell curve did not run parallel in all instances. 

Table 9 gives the results obtained in one case of Type 1 pneumo- 


coccus pneumonia and three cases of Type 2 pneumococcus pneumonia. 
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RIN VALUES IN A MISCELLANEOUS GROUP OF DISEASES 
ms on a miscellaneous 


le 10 gives the results of fibrin determinati 


this group I 


f patients. Only tour cases o1 had fibrin values 





normal. These were patients with splenic anemia, cirrhosis ot 
ver, interstitial hepatitis syphilitic and severe secondary 
ige 
M MARY 
he { 11 + } 1 2 
e ave ve d fibrin tor normal men was found t we LOO 
dred cubic centimeters; for normal wome 179 mg. pe 
cubic centimeters. Variations of 25 mg. above velow these 
I / i d ‘fp y 
Fibr 
mc. c Re 
. Bloc ‘ Ss 
Mx per Cer } S 
363 18 : 
sis ~ pte 40 I pe 00 
t ll 
pat 146 Svr 
par ¢ ) uy. 4 J < 
< etive dy 08 41 
of live ‘ 3 
‘ ‘ i 45 38 G 
| ” 
" 0 0 
+ Se) 4 
O7 A> 
68 Tie . 
I pl 
4 ; Visc 
mm . Visce 
, ¥ 49 Nerve 
; 7] ” Nerve 
0 19 Nerve 
x iD 48 ype of disease 
438 19 0 Pos sis 
89 4 4 
440) ll 
] 4 48 I bable | a 
‘ 4m) 4 
ae | 
s mav be said to be within normal limits fhe average plasma 
und for normal men was 332 mg. per hundred cubic cent 
s: for normal women, 344 mg. per hundred cubic centimeters. 
itions of 50 mg. above or below these figures are probably within 


il limits. 


[he average blood fibrin of pregnant women was found to be 
g. per hundred cubic centimeters; the average plasma fibrin, 
mg. per hundred cubic centimeters. These figures will probably 


und to hold true for the last months of pregnancy only. 
Toxemia of pregnancy (nonfatal) is associated with an elevated 


fibrin. The elevation seems to parallel the severity of the symp- 
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toms. The toxic manifestations due to nephritis complicating pregnancy 
are not accompanied by a marked fibrin elevation. It is inferred from 
the difference in fibrin reaction that the toxic syndrome due to nephritis 
complicating pregnancy is of a different nature than that of true toxemia 
of pregnancy 

4. Two fatal cases of acute liver atrophy were associated with 
low blood and plasma fibrin content. 

5. Nonfatal arsphenamin jaundice was associated with an elevate 
blood and plasma fibrin. It is inferred from necropsy material and 
comparison with cases of catarrhal jaundice that it is the liver 
parenchyma and not the bile ducts that are diseased in this conditior 

6. Lobar pneumonia was associated with a greatly elevated blo 
fibrin. The fibrin rapidly falls to normal after uncomplicated cris 
Complications (e. g., empyema) cause a subsequent fibrin rise. T! 
fibrin curve does not parallel the white blood cell count in all instanc 

7. A series of fibrin determinations on a miscellaneous group 


diseases is tabulated. 











ES IN FUSIFORM BACILLI AND SPIROCHETES 
{Eh O IN PULMONARY ABSCESS, GANGI 
RONCHIECTASIS 
SADO PILOT] I. 1) DAVIS \I.D 
H 
tt infections with the fusiform bacillus ar chete 
eding mportant gro vere the lesions in the lung vl 
ICT ganisms were toun The tollowing report is the result 
ed clinical and pathologic stu ft thirtv-seven cases 
hete pulmonary infections It is hoped that this st wil 
ertain hitherto obscure uulmonar iIntections part 
cterize b abscess ftormation ane vyangrene ) estab 
est nrections is l ennite clinical entit col i le t the 
nic processes caused by the pneumococcus, streptococcus a 
e bacillus In previous studies! the association fusitorn 
spirochetes in putrid and gangrenous lesions of the body was 
sized, particularly in connection with such processes about the 
nsils, middle ear, lungs and genitalia \t that time it was 
out that these organisms were important etiologic agents in 
tvpes of pulmonary lesions, characterized by necrosis and foul 
ratiot \We have conducted further investigations in_ these 
ting but imperfectly understood pulmonary conditions It was 
that these processes were often the result of lowere resistance 
itions where these organisms normally reside or can idil 
In connection with the respiratory lesions, the infections appear 
st rgely from the organisms that reside in the mouth d I 
tor issages 
ut the teeth, these organisms were among the first to be recog 
is normal inhabitants hey are especially numerous he 
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and in the pus spirochetes, bacilli and cocci were demonstrable Phe 
spirochetes seemed to disappear first, followed by the fusiform bacill 
leaving only the coccal forms lhe cocci showed an aggressive tet 
d 


ency, advancing to the opposite pleura, into the pericardium and int 


the general circulation while the others were confined to the inject 


sicle Che tartar trom carious teeth, an emulsion made of membr 


from Vincent's angina and the sputum from pulmonary gangrene, pr 


duced the same type of reaction. Subcutaneously necrotic, sloughin 
lesions were produced in the guinea-pig by the same material. Fri 


these observations, it would seem that we are concerned with a ce 
hinat } ; roan hich tl . ) mily “onl y he - 
nati organisms which thrive in symbiosis producing in the tissue 
a constant putrid lesion We must recognize, therefore, that lesi 


ay arise not only from pure cultures of bacteria but also from tw 


more organisms in symbiosis 

Predisposition to fusospirochete infection depends on a multitu 
f tors 1 vhich are combined in individual cases \s a 
the patients are not robust, but often undernourished and weakened 
other caus \cute respiratory infections may lower the ene 
resist ce LJ etic patients are espec! Ilv susceptible The infect 
vas serve patients from & to 7O vears of age in both sey 
Lhe lore ¢ ppears t be cjuite susceptible See table 

Lon t s are of the utmost in rtance Cari s teetl 
pvorrhea, conditions in which the anerobes may be found in gre 
abundance, were outstanding findings in many patients but are by 1 
means necessarily associated Heavy tartar deposits may occur, wl 
" me the teetl ppear to be in good condition The tonsils ap} 
ently do not play as important a role as the teetl In a few, the crvy 
were distended with the foul granules rich in anerobes. Such tons 
may be responsible particularly for the pulmonary lesion follown 
tonsillector 

The normal lung does not harbor these organisms In fourtec 


pairs Of lungs, tree trom any intectious process, no tusitorm hac 


spirochetes were demonstrable In certain abnormal states these ba 
teria may establisl habitat in the bronchi. In bronchiectasis, they m 
lead a saprophytic existence and be demonstrated in the sputur 


although no necrotic process or abscess formation is associated I] 


sputum as a rule in such instances is not foul. In old standing chron 


bronchitis and in the sputum of bronchial asthma they may also be 


found, although no odor is produced If patients with these bronchia 


conditions develop an acute infection of the respiratory tract either fron 
some virulent autogenous or exogenous micro-organism or virus, 01 
if the general resistance becomes decidedly lowered, the saprophyti 


anerobes often first cause a putrid bronchitis, spread through the 
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tic mucosa into the lung parenchyma, with the production of 


f 


ultiple foci of suppuration or gangrene. 


rhe diseased parenchyma of the lung is decidedly inclined to become 
ted secondarily. Malignancy, tuberculosis and pneumoma may be 
licated by abscess or gangrene It is remarkable, however, that 


nerobes only rarely cause superimposed infection in the tuber 


s, although the streptococcus, staphylococcus and B. influenzae are 


nly associated with the tubercle bacillus Pneumonia of the 
tvpe is very seldom complicated by fusospirochete infecti 
carcinoma of the lung, on the other hand, especially the brot 


ic type is often terminated by such secondary infection 


POST-TCNSILLECTOMY ABSCESS 


spiration of secretions of the mouth during general anesthesia 


requent occurrence, particularly in tonsillectomy In some, even 


ire, a small amount may be a nucleus tor a pulmonary abscess 


ers the large quantity or « 


rly in children who are in good health 


s€ aspirated IS the chiet tact r, pal 


ur experience the bacteria underlying post-tonsillectomy abscess 


] 


j 1 
: ] 


ngrene have usually been fusiform bacilli and spirochetes ass¢ 
with streptococe! The condition manifests itself in a few days 
ing the operation with cough, elevation of temperature (from 

103), increase in pulse rate, general lassitude and polymor 


uclear leukocytosis Distinct pain in the chest is often felt 


il findings depend on location of the lesion, and often at this 


ire absent or indefinite Krom the tenth to the fifteenth day 
toration may come gradually or suddenly with the production of 
sputum of foul or peculiar sweet odor Smears made at this 


reveal many streptococci, various forms of fusiform bacilli and 


etes he spiral forms may vary in number, often occurring 


he more constant bacilli. The streptococci are usuall 
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ely among t 
e viridans type he expectoration continues for several days o1 
s. In those with sudden rupture the condition may clear quickly 
ur of the patients this abscess appeared single with recovery 
In one, the abscesses were multiple, causing death on the eighteent! 
In one, arsphenamin was employed with good results 


e following cases are presented briefly 


] \ girl, age 18 vears, developed a cough, foul expectoration, and 
in the right chest fourteen days after tonsillectomy under gas anesthesia 
um formed three layers and contained numerous fusiform bacilli, spiro 

tes and streptococci Her condition during the next two weeks became 


Roentgen-ray examination revealed a large abscess with a cavity 


ight upper lobe (Fig 1) She was given three doses of neoarsphenamin 
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g. 2 (Case 1).—Post-tonsillectomy abscess after neo-arsphenamin therapy 
” In Case 4 the scess discovered on pl vsical and roentgen-t 
nation was obscured by the presence of fluid in the pleural cavity 
mount of pus suddenly evacuated would indicate an abscess of fair size 
se 5—-A woman, aged 44, was ill for several weeks with subacute pol) 
itis and mitral endocarditis \fter a normal temperature lasting for tw 
tonsillectomy was performed Arthritis recurred immediately Nine 
later she began to bleed from the tonsillar fossa for forty-eight hours 
lays later the temperature rose to 104 and the respirations became labored 
ensued in three days Anatomic diagnosis at necrops multiple 


y was 
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abscesses of the lett lung and right upper lobe Fig 3) Smears and cultur 


ot pus of necrotic centers of abscesses revealed fusiform bacilli and hemolvyt 


streptococc! it me spirochetes 

Comme) he lesions in the lung were among the earliest obset 
Beg Ing is was evident The numbers of bacteria, while consider 
did not compare with the masses seen in older lesions 


Che mode of infection in post-tonsillectomy pulmonary abscess 
largely aspiration of throat secretions. The frequency of abscess « 


plicating throat surgery is due to the massive doses of bact 








Fig. 3.—Multiple abscesses following tonsillectomy These were among 
earliest lesions observed The centers show begining necrosis, and in sme 
revealed fusitorn icilli and cocci in large numbers (hemotoxylin and eos 
that can be aspirated. That aspiration is responsible is further sul 


stantiated by the development of abscess and gangrene resulting frot 
ether anesthesia, in which the operative procedure was not in the thro 
or respiratory tract. It is possible that pulmonary infarction may hav 
played a contributory role, but in none of the patients clinical symptoms 
or physical or roentgen-ray findings could be found indicating suc! 


complication 
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n the three cases, pulmonary abscess or gangrene complicated 
minal operation, and in one a herniotomy, all under ether anes 
\ brief review of these cases is presented 
r me ce 
a cncutinne 
‘ sput 
S} , 
2 + Clase & irge masses oft spirochetes observed it pulmonary 
7.—J]. P.. a man, aged 32, developed cough, foul expectoration and fever 
veeks after appendectomy under ether anesthesia. Physical and roentge1 
Xamination revealed extensive consolidation of the right lung, with the 
tion of multiple cavities The sputum was profuse, intensely foul and 
Fusiform bacilli, spirochetes, together with streptococci and gram 
e bacilli were abundant. Neoarsphenamin treatment was started four 


after onset. Four doses were administered, but only temporary improve 


vas obtained. Death resulted from toxemia 
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Case &.—L. W., a woman, aged 40, colored, developed pain in the che 
cough, loody expectoration eleven days after hysterectomy under ether ane 
thesia. [Examination revealed extensive consolidation of the right upper 1k 
Death occurred in three weeks At necropsy the anatomic diagnosis was, ¢g 
grene of the upper lobe of the right lung, confluent bronchopneumonia 
lower lobe of the right lung Che gangrenous lesions presented im smears 
Levaditi pre rations enormous numbers of spirochetes (Fig. 4), fus 
icilli 1 treptococec! The bronchopneumonia was of the interstitial t 
Fig. 5 
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a man, aged 48, developed bloody, 
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herniotomy under ether 
examination revealed 


right upper lol Phe 


foul expectoration t 
anesthesia. Physical 


and roentgen 
a huge pulmonary 


abscess in the lower portion of tl 
sputum contained cocci, fusiform bacilli and spirochetes 
he patient was observed for four weeks, during which time he 

and the lesion appeared more extensive 
administered \ decided 
ture 


the 


became wor! 
Six doses of neoarsphenamin wert 
improvement resulted in four weeks. The tempera 
was normal, expectoration slight and physical and roentgen-ray signs « 
abscess greatly diminished 


Perforating lesions into the trachea and bronchi lead to aspiratior 
of material containing bacteria with the formation of pulmonar 
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27.—A man, aged 34, gave a history of cough and foul expectorati r 
rs Physical and roentgen-ray examination presented dense infiltration 
per lobes with a small cavity formatior The sputum formed three 
d contained fusiform bacilli, spirochetes, streptococc! ind tubercle 
'revious infection in the respiratory tract predisposes to fusospiro 
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The organisms found in the lesions conform, for the most part 


their morphology and cultural characteristics to those describing 


teeth and tonsils The tusiform bacilli appear as typical forms, 
barred and slightly curved Vhread like, mvcelial like organisms n 
be pleomorphic torms he latter never branch, and about them n 


of the typical bacilli and spirochetes may be grouped. Short fusifor 


bodies or comma bacilli often are associated They are gram-negat! 
ind non motile ( Fig. 16) lhe spirochetes are actively motile, grat 


negative, fine or coarse, forming from four to ten turns, resembling 
morphology the forms called Spirochaeta vincenti, Spirochaeta mac 
dentium and microdentium ( Fig. 16) Che cocci invariably associat 


with anerobes are gram-positive diplococci, which on culture are most 
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{ eCSCTIDEe?™ Wii ¢ venous ict es i¢ 
et we ve 1 1¢ S¢ ations indicating « ( 1SsO- 
¢ 1 irv infection, such epiden strains iV appear 11 
u!mot nfections 
e lesions observed due to these organisms are of great variety, 
ng t arge extent on the under ving ictors, the resistance of 
va! " ] . ‘ ° m 1 
tient, and the behavior of the pathologic process In all, the 
) *?T ; * ] > r ] 7 , , ’ 7 , ] > ar 
to necrosis and the production of foul smelling lesion a1 
1 « . - 
ing characteristics 


putrid bronchitis 


bserved 


+ 
t¢ 


such cases 


at necropsy, 


I 


in which the necrosis was lim 


the mucous membrane, and the lumen was filled with masses of 











bacteria nd detritus We have observed similar les! ns in the bror 
but associate instances with a necrotic process in the 
] rencl ma 
\ more « ! seen lesion is that of a bronchopneumonice « 
olidati I , with formation of a single abscess cavity ! 
tvpe the neumonia surrounding the abscess cavit ppe 
nterstit with intense cellular infiltration at absce 
it ed with shaggy green membrane rin at 
ct 1 bacilli and coc ror the cente 
my ( the eriphe vy the comn bacill 1 spirochete 
r the men brane tiie ] lilt il ( peat 
( thie chnetes h veve € 1 2 ¢ if the g 
( extend up through the mphatics in t eolt 
sept I tiie re extensive les s, the | i Ic are 
nfl P the reas ner i if f 1) t! 
(dec ete o1 bular ronchopneumon 
ent sot te gy is seel big. 3 ( sti ti { 
reset n t I eC the si litary ibsce it tive S rocnetes 
t ter ivrate aw: from the margi the nec 
rie { 1 r¢ val vy en 1 4 I te t | 
t 1 ¢ areas hese le ns 1 € een at nect 
| stages ite, subacute 1 n with « sider 
SIs t enening of the cl 
() yre erest the 1iTise I nygrene } ( 
epresent the es the i¢ ( tie i i cs it their O 
One é \ ole Oe tne ¢€ t ¢ ung a be 
wit t ti ( wat Ss, some OT Whicl t\ MCCOTIN l h Ive SIZ 
entire y 1s reali gree al is vert utt In the cavities 
s ols I 1¢ in Til ccul he nel in leur 
aria ¢ Microscopically, the consolidation in the 
tion of nterstitial pneumonia ( Fig. 5 rhe infiltrating cells 
predominant the mononuclear types In the region close t 
cavity, the alveoli are filled with fibrin and large numbers of n 
nuclear cells \t the margin and in the necrotic tissue masses 
enormous n ers of bacteria and degenerated polymorphonuck 
leukocytes are seet Che spirochetes at the margin appear innumeral 
and are seen migrating in great numbers into the neighboring tiss 
Figs. 4 and 1 a Cocci are found in the lymphatics and alveol 
the most remote rtions 
The blood vessels in the more extensive processes are filled witl 
thrombi, which may be rich in bacteria clumps, made up of fusifort 
probably the source 


Such thromb 


bacilh, spirochetes and cocci 
lesions in the 


Che 


mucosa 


of the metastati brain. 
necrotic tissue and bacteria. The 


1 are 


bronchi are often filled with 


may be ulcerated and the 








may be seen extending under the mucosa into the alveol he 
, 


nchial lymph glands become enlarged and soft but not necroti 





eura frequently is covered with fibrin. Old cases show many 
hesions The ple ral cavit ottet s typicall involved witl 
tion of a serofibrinous exudate containing streptococ In the 
pes of gangrene, a cavity may rupture through the pleura witl 
uction of foul, green pus, containing similar forms of bacteria 
lung The pericardium may be involved 1 terminal ser 
. erical Tis 
ther portions of the lung, aside from the gangrenous areas 
the site ot nongangrenous bronchopneumonia, ede nd 
ngestio1 Tuberculosis various forms, | chiectasis 
/ ind carcinoma may be associated as underlying factors he 
atous organs show cloudy swelling in the more acute cases 
interest 1s the occurrence of brain abscess, particularly wit! 
nehiectasis (Fig. & Phe lesion is usually in the riet 
e abscess wall is shaggy and necrotic and reveals fusiforn 
cocci but no spirochetes (Fig. 9) lhe streptococci ma 
g the pia into the meninges and give rise to acute meningitis 
seem that the streptococcus o1 other pvogens afttect the 
t, preparing the soil for the growth of the anerobes Phe 
tions correspor t tle distribution of the CI ‘ 
etes Che latter lvance efore the bacilli and ma lh out 
little or ne ¢ ‘ lhe pvogens spread thr ug! the 
S to the connective tissue, causing interstitial pneumonia 11 
s and serofibrit s pleuritis 
( mptoms are variable, depending on the type of lesion. Acute 
nic forms of fusospirochete infection are to be considered 
expectoration, in which the causative organisms are demi 
common to botl Physical signs will depend on the location 
le 1 Phe course termination are very inconstant 
ACUTI 
+] ] 


abscess and gangrene may develop rapidly, particularly after 
definite etiologic factor, such as anesthesia or perforation of the 
In the simple abscess, cough sets in, first nonproductive, 


gether with rise in temperature and usually leukocytosis. The lesion 
s in from twelve to fourteen days and may drain gradually or 
re suddenly into a bronchus, with the expectoration of foul smell 


Physical signs are variable and may be wanting or are some 


es obscured by a moderate effusion on the affected side. The 
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IRCHIVES OF INTERNAI 


with cavity 


solid 
\s 


become fewer, the cavity smaller, and the density 


shadow 


the 


\ 


ften with fluid level, develops. 


is of value at this period 
lesion resolves, 


Most of tl 


roentgen-ray film e single abscesses terminat 


from a few d 


+ le ’ > nance eee . ] 
th drop ot temperature to normal in a\ 
| I 
isappearance of expectoration and physical signs 
ina tew, progressive 1! volvement of new areas w 
new cavities may occut \fter a period free 
, , 
nm roul expectorati ma recur and evidem 
reappear 
of multiple cavities leads to a more severe fort 
e ot the Isease \ septic type of temperature 
eight, increasing rapidity of pulse, protuse expect 
tum may be extended over a period of several 
me 1 slight temperature se wit g 
é é torat T ma Ie De! ( Phe p! S1¢ il 1gns 
, lving 1 st often the lower lobes 
{ { t il \ i 1 + wit rever, pam in the ches 
sot: intend _— ‘ 
nk ite e! roul breat in pl 
} 1 ¢ } 1 
é s] ndings may show involvet 
gy. wi signs ust \ large cavitatio1 
gangrene The roentge! \ presents aittuse 1 t 
i] | gressive n ement I ney reas 
¢ eri tw ( more weeks, witl leatl 
u el thre ) bh nc} ell ’ 
1 ct I t \ ré oT gress r 
ba ill ae . © state v h AV persist ; 
ge 1 } I< 1 \ ent of no t¢ es * 
, 
often alternate with periods pyrexia, toxe 
t Ss, the rat y s toms extend ver a eri 
f vieese tnterwala the hou pune a 
various intervals ne patient may complain 
expectoration and constitutional symptoms. Wh 
| 


e, it is often the result superimposed infection « 
the uninvolved tissues by fusiform bacilli, spirochet 
ed pvogens. Fever of from 100 to 102, foul bre 
om 9,000 to 15,000, usually develop at this time. The 
be greatly increased in quantity and is decidedly mor 
ften blood stained. The organisms appear in great numbers 
ement begins, the odor diminishes and the numbers of 
me fewer. One can, however, demonstrate the anerobes 
numbers in sputum with no odor. It would appear that the 
rom poor drainage of the cavities and from the necrosis 
f the cavities and adjacent tissues. Physical signs are 
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fuse during febrile periods and new cavities may become 
strable in the more extensive lesions. The roentgen ray is of 

value, revealing fresh infiltrations about the older bronchi 
cavities, with bronchopneumonic areas in more remote parts 


1 


n the more serious intections may become confluent and form 


tions 
( 1 CAT ‘ 
sion ot intection to the pleura is not uncommon in absce 
bronchiectasis Serohibrinous pleuritis may develop wit 
n which obscures the physical and roentgen-ray signs of lung 
ent In most instances the exudate contains streptococci and 


\ more serious complication is the development of putrid 


vopneumothorax, in which conditions similar organisms, as 

utum, can be demonstrated \s a rule such an exudate results 

lirect extension, with rupture of a gangrenous cavity into the 

pneumonia, with no tendency to softening or gangrene, may 

he previously uninvolved portions of the same lung or in the 

| tie f | _ ; 

iking complication, peculiar to the fusospirochete pulmonary 

is the development of a single or multiple metastatic putrid 

the cerebrum, apparently through the blood stream. Focal 

motor and sensory, developing in the course of abscess in 

tasis would indicate such involvement \ terminal acute 

usually due to the streptococcus may als ise from exter 

meninges 

DIAGNOSIS 

ilagnosis of fusospirochete infection depends on the proper 

on of the sputum, together with clinical evidences of pul 

involvement lhe sputum should be collected over a period of 

ur hours. The quantity is variable, but in instances where 

ge into bronchi is open, as much as from 300 to 500 c.c., or more, 

be collected each day. When specimens are being obtained, the 


} 


nt should be instructed to brush the teeth several times a day and 
uently employ a mouth wash. If these precautions are taken, the 
bes normally about the mouth will be reduced in number and will 

ess readily mistaken for the same organisms that may occur in the 

un The odor is variable \t certain stages of abscess and 
hiectasis, the odor may be slight; at other times it becomes foul. 
yangrene, it is always very putrid. When profuse in quantity the 
sputum torms three layers, an upper frothy and mucopurulent, middle 
transparent and viscid and lower gray or green. In all layers the same 


organisms can be demonstrated, although in the bottom they may be 
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more numerous. Examination of a fresh specimen may reveal fatty 
acid crystals, tissue débris, pus, elastic tissue, and masses of bacteri 
lo determine the type of bacteria, the sputum should be washed 

several dishes of saline solution and smeared on the slide gently in ordet 
not to distort the spirochetes. From 5 to 10 per cent. carboltfucl 
for five minutes or the Fontana method for staining spirochetes may 
emploved Pleomorphic forms of fusiform bacilli, particularly) 
ordinary straight, curved and short comma types, together with sj 


chetes and streptococci are the most common combination of organisms 


bserved (Fig. 16) In several instances, fusiform bacilli witl 
1 very few spirochetes were found In such, repeated examin 


may reveal spirochetes. In this connection, it should be emphas 
that the absence of spirochetes in the sputum does not eliminate 
possibility of their presence in the lung In the discussion « 

} 


acteriology, it was pointed out that there is often a definite distri 


if these bacteria in the tissues with fusiform bacilli, cocci, 


spirochetes in the pyogenic membrane, and spirochetes most numerous 
it the margin of abscess wall. If the fusiform bacilli are numerous 
in the sputum one can reasonably presume that the symbiotic spirochetes 
ire associated in the pulmonary lesion 

\mong the important symptoms the foul breath may be mislea 


\ similar odor may be detected in diseased tonsils, carious teet! 


gingivitis In these conditions, the same bacteria are generally 
underlying cause. In interpreting foul breath as a symptom of 


monary involvement, the mouth as a source of odor should be elimi 
Physical signs of pulmonary involvement are variable owing t 
extent of the lesion and the frequency of involvement near the hi 
()tten the findings are tew or indefinite, yet in the roentgen-ray 
an abscess of considerable size may be clearly demonstrated 

— , hscure the finding he underlving lung 
in the pleural cavity may obscure the findings in the underlying lung 


In differential diagnosis the pulmonary conditions due to 


spirochetal infections should be considered. Castellani *’ described 
spirocheta bronchialis occurring in pulmonary hemoptysis chiefly in 
the tropics The expectoration is thin, odorless, watery and often a 
vivid pink color. The spirochetes, according to Fantham,"' differ frot 
Vincent’s types. They are more actively motile, die more qui 


stain less readily, and produce coccoid bodies. The Wassermann reac- 


tion is negative, blood count normal, and physical and roentgen-ray 


signs very scant.’* The condition responds well to sodium cacodylate 
and neo-arsphenamin and leads to rapid recovery. Apparently in typical 
10. Castellani, A., and Chalmers, A. J J. Trop. Med. 22: 1882-1886, 191 


11. Fantham Ann. Trop. Med. & Parasitol 9:391-412, 1915 
12. Violle, H Presse méd. 39: 359-361, 1918 
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ases, the pulmonary infection is due to the specific spirochetes 


stellani, but the more chronic types that have been described as 


e same spirochetes are erroneously reported, resembling mor 
isospirochete type of pulmonary involvement that we have 
ered. Confusion may arise if only spirochetes are sought for 
e sputum: in our series we have never failed to find fusiform 

hen spirochetes occurred 


nary syphilis has been reported in patients presenting sol 


in the roentgen-ray film of the chest, a positive Wassermann 


earance under arsphenamin therapy In an analysis of sucl 
the clinical picture is frequently one of suppuration and gan 


In our own experience, we have not observed solid lesions or 


s in the lung, even in individuals with positive evidence of syphilis 
viscera. In fusospirochete infection, the Wassermann is nega 


In one instance, a positive Wassermann was obtained, but the 


in this patient was coincident Furthermore, fusospirochete 


n appears to respond readily to arsenic therapy. From our 
we believe that the interpretation ot pulmonary syphilis has 


sed on evidence that points to a lesion often due to fusospirochete 


pulmonary conditions with foul sputum are due to the 
chetes. We have observed intensely foul expectoration in a 
with tuberculosis and secondary infection with B. pyocyaneus 
in which a small gram-negative anerobic bacillus was obtained 
es at necropsy. Foul smelling abscesses of the lung have been 


tered from which colon bacilli were isolated in a patient with 


peritonitis Such organisms causing foul lesions in the lung 
nk | ld be c fered where the f1 sin ciliaiaie itea 
eptl il, DUT Should ve considered where tne rusospirocne es are 


onstrable 
patients with putrid expectoration, possible underlying pre 


sing lesions should be investigated luberculosis, carcinoma, o1 
gn bodies may be overlooked if the sputum and foul expectoration 
are considered Physical and roentgen-ray examination may 
such associated pathologic changes. The error made is often 
reverse ; that is, to recognize the tuberculosis, or foreign body and 
sregard the possible complication of abscess or gangrene which 
ve the more serious condition 
he course and duration of fusospirochete infection is extremely 
lable. The acute abscess may rupture in two or three weeks suddenly 
the bronchus with profuse expectoration for a day, with rapid 
very. Some drain more slowly but disappear spontaneously in from 
to tour weeks. A considerable number become chronic with periods 
improvement and recurrence of symptoms. Multiple abscess forma 


ns are less favorable and may rapidly terminate fatally or develop into 
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a chronic state. Gangrene may be fatal within a period of from tw 
to four weeks, or become a chronic condition lasting many months 
with an unfavorable outcome 


Bronchiectasis complicated by fusospirochete infection behave 


regular In some, the putrid expectoration is constantly present 
vhile in others it appears for a few weeks at intervals of months ot 
vears In the interval profuse odorless expectoration often persist 
ind in the sputum the anerobes can still be demonstrated In b 
nchiectasis and chronic abscess formations, these organisms appar 
ently persist as opportunists in the cavitations or tissues, and under 


tain conditions become pathogenic with the development of recurret 


symptoms of fever, foul expectoration and signs of consolidati 
The prevention of pulmonary abscess and gangrene will depend 
a considerable extent on the elimination of sources of infection. It 
urse, impossible to remove completely the fusiform bacill 
spirochetes from the oral cavitv, but much can be done to reduce 
umber f such organisms The teeth should be free f exces 
tartar deposits ‘us pockets, carious teeth, pyorrhea, in which conditi 
ese cteri ( reat abun ince she Id he I yperly tre 
Lor s 1 W asst t these organisms are prone to accun 
r est ret | some, express in be employe Such 
edures e especiall ndicate n the patient about to unde 
esthe | lecton inn In patients with | I ron 
tas monary tuberculosis 
rREATMI 
\rsenic, particularly arsphenamin has been employed in tu 
spirochete infection of the mouth In stubborn cases of Vincent 
ngina, good results have been obtained Plaut extended its ust 
stomatitis and in pulmonary gangrene. Gerber ™ reported its 
locally in Vincent’s angina and gingivitis. Peemoller reported o1 


case of fusospirochete pulmonary gangrene treated successfully wit 
arsphenamin, and reviewed eight cases of gangrene treated similar! 
by Hirsch, Weiss and others. 

Our experience has shown favorable results with neo-arsphenamin 
nulmonary abscess; from 0.3 to 0.9 gm. was administered once a weel 
It is, of course, recognized that abscesses frequently heal spontaneous!) 
when the drainage is good. However, the improvement in several 
instances definitely followed the medication. In Case 9 no treatment 


was given for five weeks. The clinical and roentgen-ray findings 


13. Plaut, H. ¢ Deutsch. med. Wcehnschr. 3:117, 1914 
14. Gerber Deutsch. med. Wehnschr. 45:913, 1919 
15. Peemdller, F Deutsch. med. Wehnschr. 48:680 (May 26) 1922 
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ited that the lesion had not improved but had even extended into 
periphery. The introduction of neo-arsphenamin directly improved 

ndition, and in four weeks the fever disappeared and physical 
entgen-ray examinations demonstrated considerable resolution 1n 
ion In Case 1 the patient was becoming progressively worse, 


ih she was expectorating foul sputum (Fig. 1). The temperature 


efore treatment was 103 \ single dose of neo-arsphenamin was 
by quick improvement, normal temperature three days later, 


pectoration and complete clearance of the lesion occurred in 


veeks (Fig. 2). The more chronic types did not respond as 


and some showed no definite change 

bronchiectasis, the therapy can only influence the complicating 

n by the anerobes, and prevent possibly the formation of new 
ns Distinct improvement with disappearance of foul smell « 

ess fever and clearance of lesions was observed, but the 
course, remained No permanent results can be expected 
reason. Patients returning with recurrence of the symptoms 
lditional treatment 

gangrene, we have not had the opportunity of treating early 


on a j } arenhenamir nnarentl 
In the far advanced stage the neo-arsphenamin apparently t 


| diminished expectoration and some favorable changes 


LUISE 


titutional symptoms, but the toxemia ultimately overwhelmed 


tient It is evident that to obtain recovery in gangrene, the dis 
ust be treated early We are of opinion that a patient witl 
abscess and gangrene should have the benefit of arsenical 

nt before more radical procedures such as pneumothorax an 
are instituted. When surgery is necessary, arsphenamin should 


bined 1n the treatment 


SUMMARY 


Phirty-seven cases of pulmonary infection due to certain anerobes, 
terized by abscess formation and gangrene, are reported. The 


teriologic, pathologic, and clinical studies indicate a type of infection 

may be classified as a distinct clinical entity. We refer to the 

ess as a fusospirochete pneumonia, but pyogens, particularly 
ptococci, play an important contributory role. 

2. The lesion is largely in the form of simple or multiple abscesses, 

gangrenous bronchopneumonia or a diffuse form of gangrene. The 

evelopment of this type of infection depends to a great extent on pre- 

posing factors such as general anesthesia, tonsillectomy, aspiration 

foreign bodies, perforating lesions into the trachea and bronchi, 

ections, especially pneumonia, carcinoma, tuberculosis, and bronchi- 


ectasis and circulatory disturbances of various kinds. In a few the 
lesions develop without evident predisposing causes. 








linical picture and course is variably influenced largely by 
i contributory factors, resistance of the patient, and the 
lesior 
in all cases the sources of infection relate back to the 
sils where the fusiform bacilli and spirochetes and co 
enormous numbers Phe prevention of these pulmonar 


erefore, lies in the proper hygiene of the mouth 


ticularly neo-arsphenamin, has a definitely therapeu 


spirochete infection. Most favorable results are obtair 








EFFECT OF IODIN IN EXOPHTHALMIC GOITER 


PAUL STARR, M.D HENRY P. WALCOTT M.D 
HAROLD N. SEGALI M.D 


AMES H. MEANS, M.D 


\t a meeting of the Association of American Physicians in May, 
23, Plummer! reported on the use of iodin (compound solution of 
in the treatment of exophthalmic goiter. Iodin has been used 
is disease by many in the past but has for the most part fallen 
disrepute. Plummer, however, claimed striking benefit from its 
Following this suggestion we began shortly afterward the investi 
m which 1s reported in this paper It is a continuation of the 
ies of various forms of therapy in exophthalmic goiter that have 
made during the last ten years at the Massachusetts General 
spital.*. Our results seem to be similar to those obtained in the Mayo 
vhich have been recently published by Plummer and Boothby 


he chief effect is what may be called the iodin remission. Trous 
in 1863, achieved this same result when he inadvertently gave a 


tient with exophthalmic goiter tincture of iodin in place of tincture of 


gitalis He savs: “In the course of October, 1863, I was consulted 
a young married lady, who habitually resides in Paris. She was 
fering from subacute exophthalmic goiter. The bronchocele was of 
it size. When I examined her for the first time, although I had 


her rest for a long while, and although I repeated the examinatiot 


times, and at sufficiently distant intervals, so as to make sure 


From the Thyroid Clinic of the Massachusetts General Hospital 
* This article is No. 29 in a series of studies in metabolism from the Harvard 


al School and allied hospitals. The expenses of this investigation have 
letrayed, in part, by a grant from the Proctor Fund of the Harvard Medical 
| for the Study of Chronic Diseases 

1. Plummer, H. § Results of Administering Iodin to Patients Having 

phthalmic Goiter, J. A. M. A. 80:1955 (June 30) 1923. 
2. Means, J. H., and Aub, J. C. A Study of Exophthalmic Goiter from the 
nt of View of the Basal Metabolism, J A. M. A, 69:33 (July 7) 1917 Means, 
H., and Holmes, G. W Further Observations on the Roentgen-Ray Treat 
nt of Toxic Goiter, Arch. Int. Med. 31:303 (March) 1923. Richardson, 
P Relative Value of Surgery and Roentgen Ray in the Treatment of 
Hyperthyroidism, J. A. M. A, 80:820-825 (March 24) 1923. Segall, N. H., and 
Means, J. H.: The Immediate Effect of Subtotal Thyroidectomy in Toxic Goiter, 


Arch. Surg. 8:176-187 (Jan.) 1924. 
3. Plummer, H. S., and Boothby, W. M.: The Value of Iodin in Exophthal- 
Goiter, J. lowa M. Soc. 14:66 (Feb.) 1924. 
4. Trousseau Clinical Lectures, Vol. 1, p. 587, Translation by P. \ 
sazire, London, The New Syndenham Society, 1868. 
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that she was no longer under the influence of emotion, I still found 
her heart beat at the rate of 140 to 150 times in the minute. I recom- 
mended hydropathy and I wished to administer at the same time tincture 
of digitalis, but preoccupied with the idea that there would be some 
danger in giving iodin, I wrote iodin instead of digitalis, so that the 
patient took from 15 to 20 drops of tincture of 1odin a day for a fort 
night When she then came back to me, her pulse was only 90. | 


found out my mistake, and I substituted tincture of digitalis for that 


fter another fortnight, the pulse had again gone up t 


150, so that I at once returned to the iodin.”” This behavior of the 
} 


pulse in exophthalmic goiter (and of the basal metabolic rate also, as 
we now know has been frequently observed during the last vear 
exactly under 1odin as it was by Trousseau sixty vears ago 
CASES ST DI 
Since Nl. 1923, tortv-two cases of ex phthalmic goiter have beet 
treated wit! in, as compound solution of 1odin, at the Massachusett 


General Hospital. Of these, seventeen were outpatients, who reported 


frequently to the metabolism laboratory to be observed Che conditions 


under which they were followed were, of course, less uniform than thos¢ 


the patients who were in the hospital. Of the latter, there wer 
twent ve [hese patients were kept in bed continuously. Most « 
them were being prepared for operation. No patient of either group w: 
onsidered to have adenomatous goiter with hyperthyroidism Some 


| not have exophthalmos, but in these the symptoms were still thought 


and this diagnosis w: 


f 


to be due to what is termed “toxic hype 
firmed anatomically after operation 


ADMINISTRATION OF IODIN 


Liquor lodi Compositus, U. S. P., has a most objectionable taste, 


but all of the patients soon became accustomed to taking it by moutl 


In no case was it necessary to give it per rectum as Plummer and 


Boothby have done in some emergencies. It was given after meals, well 
diluted with water [he mouth was rinsed at once after taking. The 
usual dose by mouth was 15 drops daily. Forty-five drops a day has 


been tried in two cases, but is apparently not much more effective 
than 15. The problem of the quantity of the dose in relation to various 
factors, such as the size of the gland, rate of metabolism, age of the 
patient, pathology of the goiter, duration of the disease, and the 
sympathomimetic symptoms, is yet to be solved. The parenteric routes 
of administration have not been studied. We gave one patient a solu- 
tion ° of iodin in mineral oil without potassium iodid and the result was 


5. Devised by Dr. James L. Stoddard. 
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milar to those obtained with compound solution of iodin. The duration 
medication has been from ten days to six months in individual cases 


METHODS 


Che effects of treatment were followed by determinations of basal 
tabolic rate, pulse and weight. The Roth-Benedict apparatus was 
Precautions for preserving or producing basal metabolic condi! 
were taken 
ANALYSIS OF DATA 


| ; + 1 91 


abrupt remission of the disease, evidenced by fall of metaboli 


pulse rates, increase of weight, and diminution of symptoms was 
mmediate result of the administration of iodin in more than 80 pet 
f our patients. This remission was most likely to occur in thos« 
ts who were resting in bed in the hospital without marked 
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il or psychic complications. It did occur, however, in outpatients, 


s then less rapid and less marked. 


e findings in a patient who had a typical abrupt remission are 


vn in Chart 1. The history is as follows: 


REPORT OF CASI 


M. M., a woman, aged 23, first noted fatigue, nervousness, palpitation, 
pnea, diarrhea, and tremor in September, 1922. The goiter was perceptible 
the following Spring. She entered the Massachusetts General Hospital in 
1 1923, with exophthalmos, lagging lid, a diffuse symmetrical goiter 


I 





ch had a thrill and bruit, a moist skin, tremor and tachycardia, and a basal 
metabolic rate of plus 45 per cent., pulse rate of 110 per minute, and weight 


_¢ 
whi 











51.5 ke | mained at complete rest ed in the hospital for or 
nN tl \fter the asal meta rate was plus 6 per cent Iw 
veek later. wit P ' edicatior € ‘ A gain plus 38 per cent., pulse 
rate 95, weight 52 kg Chis period of two weeks forms an excellent control period 
Fifteen minit npound solution of todin was now given by mouth dail 
N t r cl treatment was made During the next twelve days tl 
t 1] reaset til it ed plus 1 er cent I 
l 78 per minute and the weight eased to 55 kg rhe patient 
‘ vit ‘ ex t tre She iid she 
1] 

Remissio1 this character were frequently as rapid and as extet 
sive as those hich follow subtotal thyroidectomy Chart 2 shows the 
daily basal metabolic rate curves of eight patients Chere is a contr 

e! ot tive iVsS The points at which daily 10din admunistratio1 
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got give eg g witl ‘ Average curve | 
d ble 1¢} 
was started are plotted on the zero line The basal metabolic rates in 
all these cases decreased rapidly during the next ten days Che line 


representing the average of this group is double width. On the day 


of beginning iodin treatment it is at a level of plus 51 per cent. Or 
the tenth day afterward it is at plus 14 per cent. This gives an average 
rate of detoxication of about 3.7 points daily. This is nearly the same 


rate of detoxication that Segall and Means? found after subtotal 
thyroidectomy. By daily metabolic rate measurements of patients before 
and after operation, they determined accurately that the rate of detox- 


ication is about 3.7 points a day. The average curve of their group of 
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en is at plus 45 per cent. the morning before operation. During 
next ten days after a postoperative peak, it falls rapidly to plus 
cent. It is a most important theoretical and practical fact that 


ound solution of iodin will have in many cases of exophthalm 





A=lodine alone 1924 
|B=Operation alone .1923 
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\Act , U 
art 4—Repeated iodin remission. Solid line, metabolism. Dash line, pulse 
1] weight. Treatment was rest until solid black band, indicating com 
ution of iodin, 15 minims per day. Placebo indicated by cross bars, 
luly 14 to 25, during which time there was abrupt recurrence lodit 
rted 1) indicates hemithyroidectomy. Activity 1 is rest in bed 


iter (48 per cent. of our series) the same immediate effect on 
etabolic rate as removing five-sixths of the gland. The average curves 
? 


of the effects of iodin and of operation are charted together (Chart 3) 


to emphasize their similarity. 
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Che demonstration of iodin as the causal agent of this remission, 
we think, is completed by the fact that substitution of a placebo during 
the remission is followed by abrupt recurrence, and in addition, that 
if iodin is again started a second remission is produced. We ha 


observed this in four cases, two of which are illustrated in Charts 
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Chart 6—Remission and recurrence under iodin Five metabolism ct 
n shown by fall of metabolic rate to the central ordinate. Comp 
ution of iodin started in the individual cases at L. Recurrence show1 
of the met lism curves during succeeding three months 


[hat such a remission is not maintained by continued administrat 


of 1odin when the patient returns to daily life is shown in the continua 


1 


tion of the history of M. M., described in the foregoing 


One week after reaching a normal level of basal metabolism the patient 
returned to her studies as a senior in college 4 month after this, although 


taking iodin every day, the basal metabolic rate was plus 13 per cent., pulse 95, 
weight 56 kg. Toward the end of the second month the basal metabolic rate 
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30 per cent., pulse 100, weight 56 kg. Toward the end of the third 
he basal metabolic rate was plus 52 per cent., pulse 117, weight 56 kg 


nilar prolonged recurrence was observed in four other patient¢1 
, - ae - - - ; 
taking 15 minims of compound solution of iodin daily for frony4 


four months. Chart 6 shows the curves of these five patients¥ 
vest points, indicating the initial effect of iodin, are synchronized. 


bsequent recurrence with continued iodin administration is well 
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Post-iodin reaction. Iodin omitted by patient from October 17 to 24 


[hey reach their original levels in from one to two months. 

None of these patients were resting in bed. The dosage throughout 
was unchanged. It is to be noted that there is no period of uniform 
level of metabolism during this remission. The recurrence begins at 
ce; its rapidity is variable, and the period within normal limits may 
be very brief, amounting to only a few days, so that if operation is 
contemplated action must be taken at once while the primary effect of 
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odin is predominant Because of this recurrence under iodin, we 


believe that as now used 10din is not a cure for exophthalmic goiter, 
and that it should not be used with this expectation 
lhe way in which 1todin produces this remission in exophthalmi 


goiter is far from clear. Plummer’s' theory, that it lies in the iodizing 


~ 

























































































of abnormal thyroxin, is not entirely convincing For one thing it 
should be noticed that the dose of iodin given is relatively very gr 
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Chart 10.—Post-iodin reaction. Jodin given January 18 to Febru 
llowec ris¢ etabolic rate to plus forty with subsequent return in M 
to its previous level about plus twenty 
ifteen minims of compound solution of iodin is equivalent to 125 mg 


of iodin lhe amount of thyroxin iodin necessary to keep the bi 


at a basal metabolic rate of plus 50 is only 2 mg. daily," yet dose 


smaller than 15 minims a day of compound solution of iodin are not as 
effective. In addition, we have observed (Chart 6) recurrence of the 


6. Plummer, H. S Interrelationship of Function of the Thyroid Gland, 
J. A. M. A. 77:243 (July 23) 1921 
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| disease while the patient was taking this dose, which 


iS enor 
when compared with the amount of 


f 10odin needed for thyroxin 
ter a patient with exophthalmic goiter has been taking 1odin, we 
found that 


1 rapid rise of metabolic rate and increase of tox 
ns occur if the iodin is omitted. 


And this happens whether or 
s omission takes place while the iodin is producing its first effect 
ring the secondary recurrence with continued administration 
former have been shown in Charts 
of the latter are 


rations of the 


4 and 5. Illus 
given in Charts 7, 8, 9 and 10. In Chart 


/ 
be noted that the metabolic rate is apparentiy increasing in spite 
iodin, yet when it is discontinued a still more rapid rate soon 1s 
but when the 1odin 


is again given, a rate at the former level is 











ently reached This brings out the very important practical 
-——— _ =, -— a 
} = J ” T j Y 7 
aE — 7 —— — 
+ es 4 T | 
Lug rs sen 
ov X rer Uau 
U 1 3 4 ) r 7 r 9 10 " > 1 4 
a 
Met lism ¢ f frve patients with exophthalmic goiter 
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Is used aS preoperative preparation, whether t 1S su 
not, no gap between medication and operation should be 
t occur We | 


ave observed this further sudden increase on 
nuance of the 10din in many instances 

Ss connection it is of interest that previous 1odinization in 
revents the toxic effect of thyroxin. This has 


been shown in 
In human beings it has been found by one « 
LS) that the taking of iodin in no 
yy thyroid ingestion, 


by Sturgis.’ 


f us 
way reduces the thyrotoxicosis 
nor accelerates the rate of recovery 

me of our patients showing exophthalmos, and in which a hypet 
stic thyroid was later found 


ission \ chart (Chart 11) 


at operation, did not show the iodin 
of the metabolism curves of five such 


Sturgis, Boston. Personal communication 
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patients is shown. They were all in the hospital under identically the 
same conditions as those illustrated in Charts 1, 2, 4 and 5, and were 
given the same dosage of iodin for a period which in the others pr 
duced marked effects. It is to be noted that these curves remait 
practically horizontal and form a control group as to the rest factor, 
which might have accounted for some of the drop in the first cases 
cited. The pathologic reports of the cases of this unsuccessful grou 
all show follicular hyperplasia without adenomas. No criterion f 
accurately differentiating this unsuccessful group from the successfu 
has been found 

\s to the probability with which a successful result with iodit 
to be expected, it is of course impossible to make anything but a rot 
upproximation from such a small number of cases. The number wt 
we have studied which were treated identically is twenty-five. Of th 
we have pathologic reports on the thyroid gland in all but two ca 


1oma and the presence of g 


e 1 
; ] 


Che reports indicate the absence of ade 


eralized follicular hyperplasia. Of these twenty-five cases, twenty 


per cent.) responded to iodin by a more or less extensive remissio1 


the disease. Of these twenty, twelve (48 per cent.) responded 

the acute iodin remission resembling the effect produced by subt 
thyroidectomy In the remaining eight (32 per cent.) the remis 
occurred, but was less extensive. In five unsuccessful cases (20 


cent.) two of the patients were pregnant and one had cardiac de 
pensation. If these are omitted from the calculation, iodin administ 
tion was successful in twenty of twenty-three, or 92 per cent. of 
hospital cases 
CONCLUSIONS 

1. Iodin by mouth will produce abrupt remission in most case 
exophthalmic goiter 

2. The remission is often as rapid and as extensive as that foll 
ing subtotal thyroidectomy 

3. It is believed that iodin is the causal agent of this remission 


4. Iodin alone as now used has not been shown to be sufficient 
suppress the disease permanently. 

5. After a patient with exophthalmic goiter has been taking iodin, 
rapid rise of metabolic rate and increase of toxic symptoms will occur 
within one or two weeks if the iodin is stopped. 

6. In some cases of exophthalmic goiter, iodin has no observable 


e ffect 
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QUANTITATIVE INDEX OF KIDNEY FUNCTION 
THERMODYNAMIC CONSIDERATIONS IN THE ESTIMATION 


OF RENAI EFFICIENCY 


M RABINOWITCH, M.D 


MONTREAL 


the numerous data available, the deduction is that the chief 


n of the kidneys is to keep the composition of the blood constant 
idneys must react to the normal 
sition of the blood by excreting water or substances dissolved in it 


done. All tests for renal 


various deviations from the 


1 
} 1S 


+ 


excretion work 
based on the ability of the kidneys to « 
since the complete mechanism of the secre- 


ncy are lo their work. It 


rally recognized that, 
total work done by the 


Attempts 


urine is imperfectly understood, the 
during this process cannot be accurately determined. 
been made to estimate this work according to known physical 
Of special note are the procedures of Dresser, Galeotti and 
| f the renal function tests now 


Che data thus obtained and some of 


ies 


have been reviewed 


made of the value of the 


' 
It 


recent communication * a study was 
concentration factor” in the estimation of renal efficiency. 
lemonstrated that, at least so far as lesions associated with defective 
n of urea are concerned, the urea concentration factor, if 
ined under a uniform set of conditions described, is a more 
ive test for the detection of impairment in function than the 


t} 


ther clinical experience with this 


methods in common use. Fur 

ployed routinely in practically all patients having an albuminuria 
to the Montreal General Hospital has strengthened this view. 
The results 


610 observations have been made on 284 patients 
briefly recorded in Table 1. The blood urea was the least sensitive 
e detection of early renal inefficiency, having been found increased 
41 or only 56 per cent. of the total number of observations. The 
ne urea concentration test * was a better index than the blood urea. 
e “urea concentration factor” was the most sensitive, showing impair- 


*From the Department of Metabolism of the Montreal General Hospital. 
vork was done with the aid of a grant from the Cooper Memorial Fund 


1. Cushny, A. R.: The Secretion of Urine. Monographs on Physiology, 


York, Longmans, Green & Company, 1917. 
2. Rabinowitch, I. M The Urea Concentration Factor in 
Renal Efficiency, Arch. Int. Med. $2:927 (Dec. 1923.) 
MacLean, H., and de Wesselow, O. L. V.: On the Testing of Renal 
Exper. Pathol. 1:53 


the Estimation 


eb.) 1920. 
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ment in 3573 or 94 per cent. of all the observations. The reason for 


this appears obvious. The earliest evidence of impaired function n 


be a diminution in the ability of the kidneys to concentrate. But during 


i day, by constant effort, the total end products of protein metaboli 


lay 


may be eliminated. Under these conditions the concentration of urea 
n the blood, the following morning in the post absorptive state, may 
be normal lhe urine urea concentration test would thus be n 
sensitive than the blood urea. The reasons for the “urea concentrat 
factor” being the most sensitive have been discussed in the previ 
ipel 
l ou ) , 94 | F 
res N Cas I ‘ 

Bi d rea east $1 « 
I ne rea concentration diminishe 45 6 
Urea concentration factor lowered ” 

Briefly, the urea concentration tactor is obtained as follows 
food nor fluids are allowed after six o'clock the evening before t 
test \t six o’clock the morning of the test the patient voids 
specimen is discarded Fifteen grams of urea, dissolved in 150 « 
water, are then given orally. No flood nor fluids are allowed during tl 
test. Blood is collected for analysis before and two hours after, and t 
urine one and two hours after the administration of the urea. U 
leterminations were made on the blood and urine by the Van Sl) 
(urease) method \ll determinations were made in duplicate 
rea concentration factor is represented by the formula 

‘ F + grams wnee 

Che choice of the blood and urine at the stated periods was, as not 
by the author of the test,* purely arbitrary. The value of urea stud 
in the estimation of renal efficiency was pointed out in the discussion 
the physiologic aspects of urea 

However, as with the other tests in use, the urea concentration fact 
appeared to yield results of a qualitative nature only. Judging from 
the clinical picture, since the normal value for the factor was found 
to be approximately 40, because a factor of 20 was found, it did not 
appear that the efficiency of the kidneys could be regarded as being onl 
50 per cent. of the normal. 

lhe object of this communication is to present what appears to b 
a still more exact method of studying renal function, in that, at least 
so far as the excretion of one substance is concerned, namely urea, an 
attempt is made to express the results in quantitative terms. The “urea 

4. Harrison, G. A On Urea Tests of Renal Function, Brit. J. Exper. Pat! 


3:28 (Feb.) 1922 
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ntration factor” forms an essential part of the necessary data. It 
e shown, mathematically, that considered from another point of 
the factor is, indirectly, a quantitative index, and also what 
red to be a purely arbitrary choice, that is, the periodic collection 
blood and urine, has a real basis. Because of the quantitative 

f the results the clinical value of this test is greatly enhanced 
evaluation of any laboratory test for clinical use, clinical experi- 
ust be the final source of judgment \s in the physical sciences, 
perience does not correspond to the deductions ot a mathematical 
sion, either the reasoning is wrong or certain variables enter into 
lem not recognized and therefore have been neglected. Experi 
far with this test shows that the results obtained parallel more 


the clinical progress of the patient than the other tests in use 


of the test is the estimation of the work done by the kidneys, 

excretion of definite amount of urea, by the application of 

elementary laws of thermodynamics These will now be briefly 
BASIS O} ri TEST 

rk done by a gas in expanding isothermally (that 1s, expansior 


tant temperature) bv a definite amount from a volume V, to \ 
ressed by the equation \ R T Log W R. T Log where 
\ \ 


e work done, R is the universal gas constant, and T is the absolute 


ture The numerical value for R is found from the general gas 
= P\ 
n PN R’‘] That is, R _ and depends on the units in 
j 
f which P and V are expressed. For our present consideration 


pressed in terms of dynes per square centimeter and V in terms 
centimeters, R has therefore a value of 0.85 and W is thus 
sed in terms of kilogram-meters. The fundamental importance 
uation is generally recognized in biologic studies, since it may 
plied to solutions as well as gases 
Ve are now concerned with the work done by the kidneys in the 
tion of a definite amount of urea, and changing the concentration 
rea from that in which it exists in the blood to that in which it 


) 


in the urine. By applying the foregoing formula, the work done 
| 





] 1 = . . - ] Pal , 
e kidneys is calculated as tollows 
W R 7 ( ( 
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between the blood urea nitrogen and the work done 


per gram of urea excreted 
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By reducing the formula to simpler terms, not only the application 
the factor becomes apparent, but also the idea that the choice of the 
lic collection of the blood and urine specimen is arbitrary is dis- 


Thus: 
© ( 
R I Log ene 
( ( M 
‘ 
R Logix - — 
( M 
7 7 | Us - 
be noted that - | is the urea concentration tactor 


( 
example of the complete data involved in such a calculation is 
in Table 2. These data were obtained from a normal person. 
be noted that the urea concentration factor is obtained in a 

y different manner from that previously described. The value of 
rithmetical mean of the concentration of urea of both blood spec 
is employed, instead of the one blood only. This procedure 
ases the value of the factor for normal persons from that of 40, 


usly recorded, to 50. 





2 s ila Jj D t I t , f [ , ’ 
mai Su 
Bloc Work 
Ur Urea 
Nitroger Kilogra 
if 1 I Mg. pe K ¥ meter per 
‘ per ¢ G 10 Cx Factor t Gm. Urea 
_ 1 
A ~ st) 35 4 70.4 
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nder the uniform set of conditions described, a normal person 
tes approximately from 3 to 5 gm. of urea in two hours and the 
vs perform in this process from 50 to 85 kilogram-meters work, 
ending on the amount of urea excreted. But the work done per 
urea excreted is remarkably constant, approximately 17 
vram-meters. The importance of recognizing the variations due to 
rate of absorption of the urea from the alimentary tract will be 

wn in the comment of the results. 

Observations were made on patients showing an albuminuria. No 
lection of the cases was made clinically. The subjects included mild 
nd advanced cardiac, renal, cardiorenal, surgical and urologic patients 
[hese are shown in Table 3, which contains the data of the first 40 

observations. Further tabulation seemed unnecessary. Chart 1 
represents, graphically, the relation between the blood urea nitrogen and 
total work done in two hours. Chart 2 represents, graphically, the 
relation between the blood urea nitrogen and the work done per gram 
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The relation between the 


of urea excreted 


Chart 4 


done per gram 


. L 
urea concentration tactor and the work 
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irea excreted by the same subjects as shown in Chart 1. Chart 3 
vs the relation between the blood urea nitrogen and work done pet 

f urea excreted of all observations made. Chart 4 shows the 
tion between the urea concentration factor and the work done pet 


f urea excreted 
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COM MENT 


Charts 1 and 2 demonstrate that the total work done during a known 
d cannot be taken as an index of renal efficiency. This is 
luenced by the rate of absorption of the urea from the alimentary 
t lhe work done per gram of urea excreted does, however, 
ate efficiency and varies, roughly, inversely as the concentration of 
rea in the blood. From the previous considerations of the factors 
verning the retention of urea in the blood no strict relation is expected. 
lhe factor « 
lata were obtained from a normal individual, a laboratory worker, 
The 


yf absorption of urea is demonstrated by the data in Table 4 


giving him each morning on successive days 15 gm. of urea 
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total grams ot urea excreted in two hours and the concentration of 
urea in the blood at the end of this period were noted. For these 
calculations it is assumed that urea is evenly distributed throughout 
the body fluids and that 1 kg. of body substance contains approximately 
700 c.c. of water. In this subject, therefore, each gram of urea absorbed 
from the alimentary tract should, if not excreted, increase the concen 
tration of the blood urea nitrogen by 1.5 mg. per hundred cubic centi- 
meters. It will be noted that according to the above assumptions 


much as 5 gm. failed to be absorbed during one period 


TA 4.—Rat 1 rption of Ur 
Nor Subject Weight of Body Fluids, © Kg 

I Urea Blood Urea-Nitroger Urea Not 
west Exereted Absorbed 

Day ( r Hours Cak ite Actua GI 

5.12 15.0 4 0.65 

4.1 16 4 1.7 

4.7 15 5.60 

4.71 15.8 s Lt 

l¢ 15.1 l 6 

s I 3.70 


\Vhen performed under the uniform set of conditions (post absory 
tive state, limited water intake, etc.) the normal amount of work don 
is regarded as 17 kilogram-meters per gram of urea excreted. That this 
value may be made to vary when the test is not performed under tl 


conditions described is quite obvious. The data in Table 5 show tl 
I 5 f Water Intake Wor Jone mal Su t 
Water Urine Urea Blood Urea Urine Ure Work, Kilograr 
Intake Exereted Nitrogen, Concentratior meter per G 
Day ‘ r Hours \verage Second Hour Factor Urea Excrete 
A 1 a 1 wo 17 
7 $11 8.0 = 49.7 17.1 
x 4.77 24.5 6 41.1 16.2 
~ 4” 50 0.78 14.5 11.7 
a” 16 "6.5 0.49 8.6 9.4 
ono 4.67 HA 0.4 7 & aR 


effects of varying the amount of water intake. The test was performed 
under the standard conditions described except that each day the 
quantity of water taken was varied. On successive days the subject, 
a normal person, was given 15 gm. of urea dissolved in 150, 250, 500, 
1,000, 1,500 and 2,000 c.c. of water, respectively. It will be noted that 
varying the quantity of water did not effect the rate of urea excretion. 
This has previously been demonstrated.° The effect was to lower the 
value of the urea concentration factor, and thus lower the amount of 
work done. It appears that this observation may have some therapeutic 





5. Addis, T., and Drury, D. R.: The Rate of Urea Excretion, J. Biol. Chem 
§5:639 (April) 1923. 
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ficance. By increasing the water intake and making the kidneys 


te a less concentrated urine the same amount of urea was excreted 


1 less work. It is here assumed that the excretion of water does not, 


mpared with the excretion of urea, require that much work must 
ne by the kidneys [his was demonstrated by the work ot 
ft and Straub. 


r practical purposes, to obtain the work done per gram of urea 


reted 


ted, it will be noted from the formula that the specimen of urine 


i 


not be quantitatively collected since the work done per gram 


rea excreted may be calculated from the logarithm of the factor 


~ t 


10.1 Lo 


1 


eC 


g factor Kilogram-meters work per gram urea 











CASES OF MARKED HYPERTENSION, ADEQUATI 
RENAL FUNCTION AND NEURORETINITIS 


HENRY P. WAGENER, M.D 
AND 
NORMAN M. KEITH, M.D 


CHES k M 


yr the last three vears a number of patients with hypertens 
nd neuroretinitis have been referred from the Mayo Clinic to tl 


iedical service at the hospital with the diagnosis of chronic, diffu 


ephritis In several of these, on further study, we tou 

















glomerular 1 
that the historv and clinical findings differed from those usually tour 
1 ises ronic nephritis, an ilso that the renal tunction v 
s ] sing ¢ Lhe case reported here ( sé 11 san @x 
PTOI ( eems to torm efinite clinical tvpe 
EPORT Ot CASI 
ag $5 S t ( 
. idache gene al w ikne sness and ] I welig 
I n r re reatine i s yhysicia had 1 
< i e and albi the l l ne year efore adi 
( g ealt " ad carrie n his business successt 
\ i t ga to I req cK 1 he i es whi gra 
i Six m tice tna r is eco! 
é | er mi letails ( d not sleey Frot 
t ‘ 1 lost 40 18 ke in W t t 
nt i ill e¢ g ed 
t é ly il t aside from lood pr 
g. 4 14 ist t g larming ¢ uld e { I 
re SS ¢€ le t < ete \ | 
lependent eden Che n Ss me we I 
mpaired r dt l t the l 
i evere etl t rx iti 
é t 1 i¢ t in mnt l mit la few \ 
tie t ervat t t for tw et 
git il disturban { r re¢ il Tunct 
the headache and insomnia continued and the retinitis « 
t ] yg i t elieve t t the d Sseas¢ \ pr es é 
le to more serious symptoms, and this was confirmed by t 
tient’s deat e weeks after his dismissal from the hospital. Exact detail 
the last weeks of his illness were not obtainable, but a cerebral accident was 
the cause of death The detailed findings in this and thirteen similar 
ASé eem ifferentiate them from chron use, glomerular nephritis, at 
t tify their dis¢ ion as a group 


SYMPTOMS AND PHYSICAL FINDINGS 
[he patients’ ages varied from 24 to 49 years, the average being 39 
Phe onset of symptoms before examination at the clinic varied from a 


few months to three years. Severe headache and other subjective or 
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tive nervous symptoms were at some time, or always present 


re were evidences of serious cerebral involvement in eight of the 
teen cases. in four, there was hemiplegia or monoplegia In 
convulsions occurred; in three of 
spected and considered, in one of which a subtemporal decom- 


was performed elsewhere with negative 


these, tumor of the cerebrum 


1 findings. Subjective 


vances of vision occurred in five cases, the symptoms varying 
light blurring sensations to almost complete blindness. In certain 
the absence of visual disturbances with 


ement, was striking 


} 
| 


considerable retinal 


Loss of weight and strength occurred in 
e cases, the most marked loss of weight (75 pounds, 34 kg 


ng in the short period of six months Symptoms of cardia 

iency, such as dyspnea and dependent edema, were not the rule, 

en present, were minor in degree Urinary symptoms were 

mplained of, and consisted of slight and moderate nocturia 

f the cases The urine had been examined previously in six 
I} 7 


each, the history dating back in one cast 


ugh the patients were 


ible to be up and about, they were all 
the hospital for observation and for study periods, varying 
ne to seven weeks. Several were seen first in the Section on 


ogy because of eve symptoms, and 


, and when the retinal changes 
und, a general examination was advised. A thorough physical 
ition was made, particular attention being given to the card 

system. Clinical evidences of anemia were absent. Thickening 
brachial artery could always be demonstrated, the degree ot 


nge varying from a palpable thickening to tortuosity and beadit 


ition of the heart by palpation and percussion revealed 


enlarge 
twelve cases. The point of maximal impulse was outside tl 
mmary line. In some cases it could be felt in the axilla. In 
o cardiac enlargement was noted. 
centuated over the aortic area in thirteen of the cases. In the 


se in which the second pulmonic sound was accentuated, tl 
ical, systolic murmur with cardiac enlargement, so that tl 


second sound might well be due t 


\pical systolic murmurs were present in ha 


nce of a clicking, aortic a relative 
ral insufficiency lf the 
1 i 1 associated aortic systolic 


nd in five of these there was an 
rmur. No serious disturbance of the cardiac rhythm was observed 
se cardiac findings are similar to those noted by Shaw in his 
of hyperpiesia. 


\t the time of examination the blood pressure was high. The 


imal reading varied from 210 to 280 systolic and 140 to 190 diastolic 
1. Shaw, H. B.: Hyperpiesia and Hyperpiesis, London, Frowde, Hodder and 
ighton, 1922, p. 191. 
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78 eS / 
Thirteen of the patients had known that they had hypertension. After 
several days of hospital treatment there was a fall in the pressure. The 
treatment consisted of periods of rest in bed, sedatives for imsomni: 
nd restlessness, hot baths and the periodic use of sodium nitrit L] 
jlood pressure readings on dismissal from the hospital varied t 
140 to 215 systolic, 8O to 140 diastolic (Table 1) Observations 
the effect of repeated doses of sodium nitrite were made in seven case 
\ temporary ll in blood pressure occurred, the systolic fall being mx 
1 rked than the diastoli The extent of the fall was considered 
incle of vasomotor response The temporary effect of a hot 
n the hypertension was also noted. The fall in blood pressure was 
isually so marked as after nitrite had been given ( Table 2 
| 2 j -¢ am ile , j it/ } 1 ressure 
! Press 
Sod Nit ( Hot Bath, Water at Tempe 
Mouth, He s ture of From 9 to 110 F. f 
Consecutive Dos Fre © 20 Minute 
H \ft Hy \ 
Before Last Dos Bef Bat 
Sy Dias S Sys Dies Sys I 
e ; ‘ 4 190 
) 140 1D 
we i” 145 ” 
4 . rm 4 a> rm) ¥ 
4 ‘ TT ” 
Taker I tely following sixth dose of sod trite 
+ 0.08 gm. sod trite given half-hourly for six consecutive doses 


In six cases, the nail fold capillaries were examined. In one cas* 


they were definitely contracted, while in the others, no abnormaliti 


or only minor functional disturbances were observed 
In nine cases, electrocardiographic tracings were 
rhythm was present in all, thus confirming the clinical observation that 
In five cases the tracing did not 


taken. Sinus 


abnormal rhythms were not observed 
n four there were different degrees of T-wave 


reveal abnormalities ; 1 
negati\ ity 
Retinal 


revealed 


Changes.—In all of the cases, ophthalmoscopic examina 
neuroretinitis associated with retinal vascular changes 
In Case 14, there was no definite retinal arteriosclerosi 


tion 


( Table 


> 
5) 
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but there was exaggeration of the reflex stripe of the arteries, engorg: 
ment of the veins, and arteriovenous compression. In the other cases 
there were varying degrees of arteriosclerosis of the hypertension ty; 
characterized by reduction and irregularity in caliber of the arteric 
In Cases 4, 6, 9 and 11 perivasculitis was present, probably seconda: 
to inflammation of the surrounding retina. In Cases 8 and 13, tl 
neuroretinitis was of mild type, and was characterized by edema of t! 
disc and retina, with scattered cotton wool exudates and hemorrhag: 
which tended to become fewer during the stay of the patients in 1 
hospital. 

In the other twelve patients, a severe and characteristic type 
neuroretinitis was found. Cases 3, 10, 12 and 14 demonstrated what v 
regarded as an early stage of this retinitis. There were hyperemia a: 
edema of the optic discs with swelling measurable from 1 to 2 diopte: 
edema of the peripapillary retina extending for varying distances towat 
the periphery, flame shaped and deep retinal hemorrhages, and cottot 
wool exudates, or localized areas of increased density in the gene: 
edema. In Cases 1, 2, 5, 6, 7, 9 and 11, there was well develo 
neuroretinitis, which probably had been present for several weeks. 1 
retinal picture was that of “albuminuric retinitis.” The swelling 
the discs varied from 1 to 6 diopters. Besides the edema of the reti 
cotton-wool exudates and hemorrhages, there were scattered throug 
the retina, especially between the disc and macula, bright white punct 
exudates of the “absorbing-edema type.”” Peripherally, in regions f1 
which the edema had subsided, there were small clumps of displa 
pigment, often with a faint surrounding halo of choroidal atrophy 
Cases 5 and 6, the edema of the peripapillary retina was sufficient 
dense to be described as “snow-bank.” Partial or complete macu! 
stars were present in Cases 1, 6 and 11. Localized retinal detachmen 
occurred only in Case 5. In Case 4 there was postneuritic atrophy 
the optic nerve, marked postinflammatory sclerosis of the retinal vesse 
and atrophic and pigmentary changes in the retina and choroid. ‘Thes 
we believed to be the end-results of a severe neuroretinitis of the ty; 
seen in the other cases, and reports of previous fundus examination 
other oculists confirmed our opinion. 

Laboratory Findings—The erythrocyte count and hemoglobin 
determinations confirmed the clinical observation that definite anem 
was practically never present. In Case 5, the erythrocytes number: 
4,600,000 at one examination; the hemoglobin was 60 per cent., Dare; 
later it rose to 65 per cent. The erythrocytes occasionally numbered 
4,000,000 on the patient’s admission to the hospital, but when check 
later, practically always rose. The leukocytes were determined in twelve 
cases. In ten of these, the count varied from 5,000 to 11,000; in one 
case it was 13,000. This patient developed a fatal cerebral hemorrhage 
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within a few days. In Case 5, the leukocyte count was 20,000. The 
cause of this temporary leukocytosis was not determined. In thirtee: 
cases, the Wassermann reaction in the blood was negative. In two 
these, it was also negative in the spinal fluid. It is of interest th 
there was no history or physical findings suggestive of syphilitic infe 
tion in any of these cases (Table 4). 

Urinary Findings—Albumin, casts, and a few erythrocytes a 


leukocytes were found at one or more examinations in each case. T1 


amount of albumin varied markedly even in the same case. In thi 
cases, a heavy precipitate was occasionally found. In only four ¢ 


was the number of hyaline and granular casts at any time numerot 


Cellular casts, actual pyuria or hematuria were not observed 


Normally, the specific gravity of the urine varies between 1.003 a 
1.030. In six of the cases in this series the variation was approximate] 
normal In tour, the variation was slightly decreased, although 
optimal conditions for concentration and dilution were not obtaine 
he drinking of a large amount of water was found to aggravate tl 
nervous symptoms of certain of these patients so that the test 


sometimes omitted. On the other hand, certain patients found the 


diet unpalatable. Under satisfactory conditions, three patients wet 
unable to excrete a concentrated urine. The maximal specific gravi 
never rose above 1.020. 

Water Excretion—The water test was satisfactorily carried out 
seven cases. In one, Case 2, the specific gravity of the urine fai 


to fall to 1.003. In four cases, the total urine output was normal 
slightly reduced, with the curve of excretion and fall in specific grav 
within the normal limits. In two, the urine output was reduced, wl 
in one the curve of excretion was abnormal. 

lhe phenolsulphonephthalein excretion was determined in_thirte 
cases. In seven, the output, at least on one occasion, was 50 per cent 
or higher; in four, from 40 to 45 per cent.; while in two, it was fro 


30 to 35 per cent. In the latter two cases, total renal function was 


distinctly impaired. In six cases, 5 gm. of sodium chlorid was injecte 
intravenously, according to the technic instituted by Barrier an 
Whelan.? In four cases, the excretion was normal or slightly reduce 
while in two, it was abnormally decreased. The sodium benzoate test « 
Kingsbury * was carried out in a single case (Case 8), and a norn 


result obtained 


2. Barrier, C. W., and Whelan, Mary Personal communication 
3. Kingsbury, F. B., and Swanson, W. W The Synthesis and Eliminati 


of Hippuric Acid in Nephritis: A New Renal Function Test, Arch. Int. Me 
28 : 220-236 (Aug.) 1921 








CHEMICAI STUDIES OF Pritt BLCOD 


he urea content of whole blood was normal in eight cases, ranging 


n 15 to 34 ng for each 100 c. In three cases the values bordered 
the abnormal, varying from 35 to 42 mg. There was a distinct 


rease above the normal in the three remaining cases, the amount 
ving from 46 to 55 mg. The patient, Case 3, was under observation 
he hospital for a period of seven weeks, and for one of two weeks 


ng the first period, the blood urea was determined at weekly 


rvals;: in five instances the amount was below 31 mg.; while in two, 
$1 and 51 mg \t the time of the two latter determinations, 
were no other evidences of definite renal insufficiency hese 
ngs indicate that fluctuations in the urea content of the blood may 
in this type of renal injury, but even under such severe testing, 


mount does not reach the level so commonly observed 


In cases oO! 
nic, diffuse, glomerular nephritis. In only one of three cases 
se 12) in which the values were from 46 to 55 mg. was the renal 
tion distinctly impaired 


e creatinin content of whole blood was determined in thirteen 


and in only four was it above 2.0 mg. for each 100 c.c. The 
reased values varied from 2.2 to 2.7 mg. and in three, including 


e 12, there was an associated increased blood urea. 
[Estimations of the uric acid concentration in the whole blood were 
in twelve cases. The findings in five were within normal limits; 


he seven remaining cases, the abnormal increase was never striking 


mount and not necéssarily associated with measurable impairment 


renal function 
he chlorid content of the plasma was determined in six cases 
one, Case 9, was the amount abnormally increased, amounting 
65 mg. for each 100 cx In this case, there was no visible edema 


nability to excrete sodium chlorid, although extra water was n 


ctorily eliminated 


PAT HOLOGI( FINDINGS 


Only one patient of this series (Case 2) died while under observa 
Cerebral symptoms associated with left-sided weakness developed 
Idenly, and in a few hours the patient lapsed into deep coma and 
| forty-eight hours later. 
Vecropsy Findings—RBilateral cerebral hemorrhage, marked cardiac 
pertrophy, moderate generalized arteriosclerosis, arteriosclerotic 
inge of the kidneys and terminal bronchopneumonia were noted 
sectioning the brain, both ventricles were found filled with blood, 


amount of blood being greater in the left. The heart weighed 


400 gm. and there was marked hypertrophy of the left ventricle. 


Scattered throughout the coronaries were small yellowish areas of 
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thickening, but the lumen was patent throughout. The kidneys weigh« 
135 gm. each.. The capsule was adherent, and when stripped reveale: 
a fine granular surface. On section, the cut surfaces showed som: 
pale areas and in the pelves of both kidneys there were discret: 
punctate areas of hemorrhage 

There were numerous focal areas of increase of the interstitial cor 
nective tissue in the cortex. In the intervening portions, the glomeru 
were often considerably increased in size, some of them fully twice tl 
size of a normal glomerulus. The glomeruli showed occasional thicke: 
ing of the capsules and lobulation and partial hyalinization of th 
tufts with an irregularity in the form of the capsule itself. Occasional 
a glomerulus was completely obliterated. 

The arteries showed distinct thickening of the intima and the inne 
portion of the media, with hyalinization. Calcareous particles wet 


seen in the medullary portions adjacent to the tubules. The tubular 


epithelium was in fairly good condition. The lumina of the tubul 
were occasionally dilated and there were a few cysts. An occasiona 
hyaline cast was seen in the limbs of Henle’s loops. A microscopi 


diagnosis of moderate renal arteriosclerosis was made. 

Kleven other patients are known to have died since they wer 
observed in the clinic, but no accurate data on the immediate caus« 
could be obtained. 

COMMENT 

Volhard and Fahr* have used the term “malignant hypertensior 
to indicate those cases of vascular sclerosis which later develop definit« 
renal insufficiency. On the other hand, we have limited the term t 
those cases of severe, diffuse, vascular disease which do not show 
distinct renal insufficiency. The term “malignant” is applicable to thes« 
cases because of the frequent loss of weight, cerebral symptoms and 
accidents, continued high blood pressure, severe neuroretinitis and th 
serious prognosis. The age incidence, history, clinical and laborator, 
findings are similar to those in the severe cases of so-called essential 
hypertension or hyperpiesia described by Allbutt.° The persistent hyper 
tension, cardiac enlargement, peripheral sclerosis, retinal changes 
absence of anemia, and only moderate or no reduction in renal function 
seem to constitute a distinct clinical entity. 


4. Volhard, F.. and Fahr, K. T Die brightsche Nierenkrankheit, Klinik 
Pathologie, und Atlas, Berlin, Julius Springer, 1914, p. 300. 

5. Allbutt, ¢ Senile Plethora, or High Arterial Pressure in Elderly Per- 
sons, Tr. Hunterian Soc., 1895-1896, pp. 38-57 (quoted in Diseases of th 
Arteries, Including Angina Pectoris, New York, The Macmillan Company, 1:10 
1915); An Address on Arteriosclerosis and the Kidneys, Brit. M. J. 1:853, 922 
936, 1911 
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olhard and Fahr,* Shaw,’ and Ellis and Marrack* have pointed 
several features differentiating these cases from chronic glomerular 
ritis, namely, higher blood pressure, absence of anemia, adequate 
function, and absence of extensive diffuse lesions in the kidneys 
ecropsy. Taking this series of cases as a whole, disturbances of 
function, when present, were never severe. In certain cases there 
no abnormality except a trace of albumin and a few casts, in 
rs diminished excretion of water, chlorids, and phenolsulphone 
ilein were noted, but not enough to derange general metabolism, or 
uce abnormal symptoms. Analyses of the blood in the majority of 
revealed no evidence of nitrogen retention. When it was present, 
ncrease above normal was so slight that it could not be termed 
mia. We believe that, besides the foregoing differences, the severe 
rrhagic and exudative neuroretinitis, while “albuminuric” in type, 
ertain distinctive features. Chief among these are the presence 
efinite retinal arteriosclerosis of the hypertension type and the 
e of anemia. Retinal edema is usually not so extensive and less 
assumes the “snow-bank” type, and macular stars are less common 
in the nephritic cases. Behan’ has mentioned the occurrence of 
retinitis in patients with high blood pressure without renal 
ficiency. In a series of papers, Benedict * has called attention to 
effect of hypertension on the retinal vessels, and to the influence 
iscular changes and toxemia in the production of retinitis in cardio- 
ilar renal disease. He cited several cases in which the renal func- 
was good at the time of examination. In some of these he 
ested the possibility of a transitory preceding or subsequent renal 
ficiency. 
he diagnosis of cerebral tumor was seriously considered in three 
That cerebral tumor and malignant hypertension may have 
present in the same patient is quite possible, but as necropsies were 
performed, the diagnosis of tumor could not be made. In Case 4, 
exploratory craniotomy failed to reveal a tumor. On the other 
Hench * has found that hypertension rarely occurs in undoubted 


Ellis, A. W. M., and Marrack, J. R.: An Investigation of Renal Function 
tients with Retinitis and High Blood Pressure, Lancet 1:891-893 (May 5) 


Behan, J. L.: The Fundus Changes in Nephritis, J. A. M. A. 78: 1691-1694 
3) 1922. 

8. Benedict, W. L.: Retinitis Associated with Disease of the Cardiovascular 

tem, New York M. J. 117:741-745 (June 20) 1923. 

9. Dr. P. S. Hench investigated the blood pressure findings in a group of 
four patients with brain tumors in the clinic. The tumor was actually 
nstrated at operation or necropsy or at both examinations. The age 

idence was from 20 to 51 years. Only two patients had a systolic blood 

sure of over 150. In one, a woman, aged 51, the blood pressure on admission 

186 systolic and 120 diastolic, and nine days later was 150 systolic and 90 

stolic. There was evidence of sclerosis in the retinal arteries. The second 

e was a man, aged 43. The blood pressure was 152 systolic and 100 diastolic 
no evidence of arteriosclerosis. 
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cases of brain tumor Thus the high blood pressure and certain 


differential points in the retinal findings, particularly the presence 





arteriosclerosis and the distribution of the edema, lead us to b 


that the symptoms suggesting cerebral tumor are secondary to thi 


hypertensive vascular condition 
Che prognosis in twelve of these cases was extremely serious. Elever 


patients died within from a week to fifteen months of their init 


examination in the clini The remaining patient left the hos] 
November, 1923, and he is still able to do his work though his headaches 


are persistent and severe. 


In Cases 8 and 13 the hypertension on admission to the hos] 
t so marked and responded readily to rest and hospital treatment 
The general arteriosclerosis and cardiac enlargement were moderat 
degree ; the neuroretinitis was mild, and renal functional studies reveal 
ial excretion Che patients improved and have enjoyed a restri 
ible existence since they were dismissed from observ 
one year ago. The milder neuroretinitis found in these two cases is 
less serious local and general import than the characteristic severe t 
Vision was not affected and definite improvement occurred whil 
patient was under treatment. In such a retinitis, the lesion may 
ippear completely without residuals These findings suggest that thx 
- border line conditions, in which it is impossible to make a different 
between cases of early malignant and essential hypertens 


diagnosis 
= sr _— OR OP Sie Semi! — he sul 
der to make the distinction, accurate observation during the su 
f the disease appears to be necessary 


quent courses ¢ I 


Che determining local factor in the production of the severe reti1 
is not known. It does not seem to depend on azotemia, as suggest 
by Opin and Rochon-Duvigneaud and Leber,"' nor on the sever 


1 


of the preceding sclerosis in the retinal arteries, but may be associat 

as Leber, and Volhard ** and Schieck * suggest, with marked contract 

in the smaller vessels. Its course is chronic and, once initiated, see 

to be little influenced by local or general treatment. During its acti 
’ 


stage, its effect on vision seems to depend on the amount of ede 


present in the macular region. In the majority of cases, vision is su 


prisingly good. If the patient lives long enough, the retinitis w 
10. Opin and Rochon-Duvigneaud Lésions comparées de la rétine et 
autre rganes chez les malades atteints de rétinite brightique; indicatior 
qu’elles fournissent sur la pathogénie de l’affection, Arch. d’opht. 24:155-17 

1904 

11. Leber, T Die Netzhauterkrankungen bei Nierenleiden, Graefe-Saemi 
Handh. d. ges. Augenheilk. 7:913-926, 1915 

12. Volhard, F Die doppelseitigen hamatogenen Nierenerkrankung¢ 
Berlin, Julius Springer, 1918, p. 576 

13. Schieck, F., and Volhard, F Netzhautveranderungen und Nierenleidet 


Zentralbl. f. d. ges Ophthal. u. Grenzgeb. 5:465-481, 1921 
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bly heal ultimately, the end-results being varying degrees of post 


ic optic nerve and retinal atrophy with corresponding slig 


iss of vision 


e results obtained in this study indicate that the finding of a 
neuroretinitis in cases of marked hypertension is of great prog 
significance. The ophthalmoscopic picture may be the earliest 
f the conversion of an essential into a malignant hypertension, 
] m4 . ] earth > ] 
us reveal a serious general vascular lesion when cardia ri 
function is surprisingly adequate. In such cases, it seems mort 
nable to assume that the retinitis is dependent on the hypertensive 


disease, rat 


SUN 


TMM 
iM 


er than on a primary lesion of the kidney 


\RY 


ertain patients with severe neuroretinitis show little or 1 evidence 


| insufficiency They have marked hypertension, moderate 


] 


eral arteriosclerosis and card 


definitely from those with chronic diffuse glomerular nephri 


1 
I 


ac hypertrophy, but their condition 


the history, clinical and laboratory findings, and subsequent course. 


itients appear to constitute 


distinct clinical group 








THE METABOLISM OF GALACTOSE 
1. THE THRESHOLD OF TOLERANCE IN NORMAL ADULTs * 


ALLAN WINTER ROWE, Pu.D 


BOSTON 


INTRODUCTION 

This paper deals with certain of the results of a study, begun 
1916, on the diagnosis of certain endocrine disorders. The compilati 
of the data has been greatly delayed, but within the last two years 
however, it has been possible to prosecute the studies actively, and thi 
report embodies a small completed portion of the whole investigatic 
In evaluating the mass of data resulting from earlier animal experime: 
tation, it was felt that the greatest caution was imperative in translatin; 
it into terms of human experience. By confining the studies to man, o1 
major cause of uncertainty has been eliminated. While this has impos« 
certain limitations, the direct applicability of the results has broug! 
ample compensation. 


REASONS FOR SELECTION OF CARBOHYDRATE METABOLISM 
AS BASIS OF STUDY 


With the selection of the subjects for experiment, the natural sequel 
was the determination of the tests to be applied. The field of so-calle 
vital function testing offers a wealth of suggestions. With the gre 
majority, if not with all, however, the goal has been to secure a te 
which should be sharply indicative of a single condition or of deviati 
in an individual functional capacity. With an apparently comple 
control of all bodily functions, this method of approach has led to tl 
observation of numerous exceptions in the individual cases which hav 
cast grave doubts on the specific validity of the test, and thus inhibit 
further investigation. If approached from the opposite point of view 
however, those tests in which the largest number of factors may b« 
operative offer the most attractive field of study. By the judiciou 
selection of a variety of such measurements and the application of then 
first to normal subjects and then to subjects in whom there existed 
some well defined, sharply characterized pathologic changes, the several! 
variations produced by dysfunction might be ascertained, both in sense 
and in magnitude. Even granting a manifold and interdependent con 


trol of a given capacity, it seemed hardly probable that a series of widely 


* Presented at the Seventeenth Annual Meeting of the American Society of 
Biological Chemists, Toronto, Dec. 29, 1922 
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rgent tests should be under the same detailed and quantitative regu 
n. Thus, by establishing normal criteria, and by noting the influ- 
exercised by well defined variations from the norm, it was hoped 
sufficient data might be obtained to offer a basis for differential 

sis. Further, a normal response to a given test produced by two 
ing and mutually compensatory influences could hardly be pro- 
| throughout a series of tests, and so would be equally informative 
wide divergences from the established normal. 

is hardly necessary to add that all tests must be quantitative, must 


rformed under rigidly controlled conditions, and that every pre- 


n is observed to attain the highest degree of accuracy. 
ssuming this point of view, the carbohydrate metabolism becomes 
tentially most productive field for investigation. For several decades 
s been recognized that the human body has a very definite limit 
e amount of carbohydrate that can be metabolized under certain 
itely circumscribed conditions, the so-called threshold of tolerance, 
that there are numerous agencies which could affect this amount, 
increasing or diminishing it. 
\side from the dominant influence of the internal secretions of the 
reas, severally, the liver, kidneys, the entire endocrine system and 
entral nervous system may or do all play some part. Further, 
from organic control, such factors as degree of muscular activity, 
erature, nutrition and fatigue, have beei reported as exercising 
ence, and, finally, certain states such as pregnancy, fever and 
ses of traumatic origin are also to be reckoned with. As the 
receptivity varies with the several carbohydrates, it becomes neces- 
to designate the particular sugar which shall form the basis of 
test 
CHOICE OF SUGAR 
n the first place, the choice is directly limited to the hexose sugars 
idoption of disaccharids or polysaccharids is interdicted as intro- 
ng one more element of complication in a problem already far from 
ple. Of the several modes of administration, the oral route possesses 
eral manifest advantages. Intraperitoneal and subcutaneous adminis- 
tion can be eliminated at once, rectal feeding represents a last resort 
ther than a method of election, and the intravenous technic of Wood- 
itt ' and his co-workers, ingenious and highly interesting though it 1s, 
ers on the one hand certain obvious difficulties, and on the other, 
ils to throw light on certain of the physiologic functions which it was 
sired to study. With the field thus limited, the problem of selection 


1. Wodyatt, R. T.; Sansum, N. D., and Wilder, R. M.: Prolonged and 
\ccurately Timed Intravenous Injections of Sugar, J. A. M. A. 65:2067 (Dec. 11) 


1915 








3900 / {11VES OF INT] / WEDICINI 

is greatly simplified. Many of the conditions to be studied were 
reported in the literature as having greatly increased so-called toleranc 
thresholds \ few preliminary experiments demonstrated that with thi 


large doses of glucose and of fructose, which many of the subject 
would require, the digestive disturbances excited by test meals of her 


size would inevitably eliminate an appreciable number of observatio1 


Crue, Miura * had exhibited massive doses of several carbohydrates wi 
some measure of success, but personal experience showed the outco1 
to be highly precarious. Of the available sugars, then, only galact 
remained his sugar, studied with others by several of the earl 
students of rbohydrate metabolism, first attained the dignity of 


independent diagnostic entity when suggested by Bauer * in 1906 
test for liver function \ series of articles followed, chiefly clinical 
character, in which the utility of galactose as a test meal was thoroug! 


] 


rom the mass of conflicting data one fact stood out salient! 


dose of galactose was too small to cause t 


namely, that the exciting 
ligestive disturbances which s irred the utili he ire comm 
aigestive « urbe s nich so marred the utility of the more comn 
fructose and glucose Further, galactose is not a foreign sugar 
the sense that it forms no part of normal nutrition. Conjugated wit 


lucose, it is the basis of carbohydrate metabolism of our earlier yea 


and is present in appreciable amounts in the diet of maturity 
lhe galactose assimilation in young children is of much interest 


this connectio1 Excluding studies in which the presence of another 
sugar constitutes a disturbing element, several groups of feeding expe 
ments are recorded. Schirokauer * with normal and lymphatic childre: 
aged from 2 to 4 years, and Stern® with children aged from 4 to 
all found results approximating adult levels. A most complete stud 
is given in the work of Meyer and Stern,’ who, with children rang 
from 3 months to 7164 years of age, and with doses of galactose « 
from 10 to 60 gm. carried out a series of well devised and carefull 
controlled observations. The results show assimilation limits which ar: 
definitely comparable with those observed in the adult 

[That galactose can build glycogen would seem to be the consensu 
of opinion. Brasch,* in a most interesting study of carbohydrat 


utilization, gives a very good review of the earlier literature. Perfusion 


2. Miura Ztschr. f. Biol. 32:281, 1895 

3. The pentoses were of too doubtful a purity, too expensive and, in tl 
main, too foreign to normal human metabolism to be taken in consideration 

4. Bauer: Wien. Med. Wchnschr. 56:2537, 1906. 

5. Schirokauer: Jarhrb. f. Kinderh. 79:581, 1914. 

6. Stern: Med. Klin. 15:873, 1919. 

7. Meyer and Stern: Arch. f. Kinderh. 68:241. 

8. Brasch: Ztschr. f. Biol. 50:112, 1907 
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ents by Grube® with tortoise livers, and McGuigan with 
e preparations, show direct utilization. Roubitschek,! and Hu 
ind Bloomfield ** who, using lactose in experiments with animals 


ed with phosphorus and chlorotorm respectivel conclude 


glycogen. Most recently Mann and Magatl 


Ss 


that 
hal 


se is a former of 
hown that the revivifying effect of glucose on dogs, dying afte 
‘tirpation, is duplicated in small measure by galactose 

tose, then, as a sugar not entirely foreign to the human 


with so low an assimilation limit as to preclude nullifying 


e disturbance, of well defined chemical 


\ capable of direct absorption, was felt to be the most 


] P 2 » 
and physical properties, 


rentl 
le of available carbohydrates The results obtained with it have 


nted amply the original selection 


THE “THRESHOLD Of} OLERANCE™ 


significance and exact meaning of the term, “Threshold of 
e,” require further discussion. Used as it is freely in contem 


literature to indicate two diverse, and, as I believe, mutually) 


ndent phenomena, definition must be made if grave confusion 1s 


ided 


DEFINITION OF “TOLERANCE THRESHOLD” 


terms, “threshold of tolerance,” has been applied severally to 


lowing conditions: 

The maximum amount of carbohydrate, and later, as the sugat 

ng properties of other foods were recognized, the total food 
which could be ingested by a sugar-free diabetic patient without 


ng a glycosuria 


The amount of a carbohydrate given under various conditions ,of 

|, which would excite a transitory but detectable melituria, the 

lled assimilation limit 

The amount of carbohydrate which would produce an hyper 
emia just below the level of the so-called renal threshold. 

In the first two, at least, the interpretation of a positive response 
varied from the detection of the merest trace to the elimination of 
efinite number of grams. Since Jacobsen’s ** paper in 1913 gave a 

ncrete magnitude to the term, “renal threshold,” and particularly 
9. Grube: Arch. f. d. ges. Physiol. 118:1, 1907 

10. McGuigan: Am. J. Physiol. 21:334, 1908 

11. Roubitschek: Deutsch. Arch. f. klin. Med. 108:225, 1912 

12. Hurwitz and Bloomfield: Bull. Johns Hopkins Hosp. 24:380, 1913 

13. Mann, F. C., and Magath, T. B.: Studies on the Physiology of the Liver, 
Int. Med. 30:171 (Aug.) 1922 

14. Jacobsen: Biochem. Ztschr. 56:471, 1913 
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through the development of blood analytic methods, the blood picture, 
with the urine findings as a by no means necessary complement, has 
become the goal of investigation. In the present paper only the cor 
cept will be discussed which deals with the provocation of a melitu 
by an ingested sugar, and that sugar galactose. <A preliminary sut 

of the literature gives meager assistance in determining the assimilati 
limit for the sugar in question. The more significant literature cat 
assembled in tabular form for purposes of discussion. Dealing first 


with so-called adult normal patients, in this instance cases without I 


involvement, the data are found in Table 1. The results are somew! 
TABLE 1 rmal Patients. Liver and Thyroid Cases and Neuroses Omitt 


Per ¢ 
Author Year Dose Number 
Bauer ? 1912 TD 60 4 4 
Reiss and Jehr ° 1912 > l l 1! 
Hatiegan: Wien. klin. Wehnsehr. 27: 
a8, 1914 1914 ) 4 7 4 
Maliwa * 1914 40 l Te l 
Wagner *° 1914 a 6 73 19 
Worner and Reiss, Deutsch. med. Wehn 
schr. 40: 907, 1914 1914 Th , (A 9 
Stern 1919 1“) 6 1 & 
s 10 Det 
Strauss ° 1913 ) ~ 1 
Uhimant! 1915 u) > i > = 
47 2 
Frey: Ztsehr. f. klin. Med. 72 ¢ 388, 1911 1911 0 8 43 4 
Qualitative test 4 > 1 gram > grams 4 > 5 grams 
diverse. Maliwa,'* using a qualitative test as his criterion, finds 


per cent. of his cases positive with 40 gm. while Bauer,’* regarding : 
melituria of less than 3 gm. as of no significance, reports but 12 | 
cert. positive to the test. 

Under apparently similar conditions, Stern ° and Uhlmann ™ secur 
diametrically opposite results. 

Many more data are available, but as they offer no better solution « 
the problem, in the interest of brevity extended discussion may lb 
omitted. 

Briefly summarized, it would seem as if the limits lay somewher« 
between 20 and 50 gm., with the middle figures of from 30 to 40 being 
the more probable. Von Noorden"™ places the so-called toleranc« 
threshold at 20 gm. for orally administered galactose. Hirose,’® in a1 


15. Maliwa: Med. Klin. 10:762, 1914. 

16. Bauer Berl. klin. Wehnschr. 49:1498, 1912 

17. Uhimann: Arch. f. Verdauungskr. 21:353, 1915. 

18. von Noorden Die Zuckerkrankheit, Berlin, Hirschwald, 1910 
19. Hirose: Deutsch. med. Wchnschr. 38:1414, 1912. 











lently conceived and executed investigation, adopts 25, Strauss 
ers 30 as the most probable normal figure, and a group of investi 
select 40 as the best available figure. The values found by Meyet 
hildren, already quoted, are particularly 

cant in demonstrating the relative independence of the so-called 


Stern tor young ¢ 


I age 


e criterion for a positive response is highly important, and 


rlier work showed pleasing variety The apparent failure t 
gnize the significance of the carbohydrate paradox ( Aller 

lates the significance of much of the published data. The appear 

detectable reducing material in an otherwise apparently sugar 

ine would seem to me to be a certain basis on which to gauge 

ts rue, it establishes as the criterion the sensitivity of some 

tive chemical reagent Further, numerous writers on this top 

treated the presence of “mere traces of urine sugar” in a very 


er manner, and denied them all 
t the demonstration of detectable amounts of reducing substance 
the administration of carbohydrate test meals in urines, otherwis« 
rmly negative to the test applied, indicates definitely 
ge has taken place which can be referred only to one exciting 
\nd with the selection of a reagent of proved sensitivity, relia 
ind uniformity of behavior, a sound basis for comparison 1s 
sched 
me years ago, Benedict, Osterberg and Neuwirth **? demonstrated 
ct that there is a continuous leakage through the kidneys of som« 
ng substance or substances, and that the ingestion of any food 
in increase in the amount. That the urine always contained 
te amounts of “sugar,” had been recognized long before, but the 
rs in question gave a quantitative expression to the phenomenon 
was most convincing. Further, they applied the term “glycure 
the increase in urine sugar resulting from ingestion of food 
stances in substitution for the more common, and possibly mislead 
g “glycosuria.” 
lore recently, a very comprehensive study of certain phases of 
hydrate metabolism by Folin and Berglund ** has appeared, in 
most interesting and suggestive explanation is offered. As the 
ults of their experiments, the authors conclude that “glycuresis rep- 


nts the absorption and excretion of foreign, unusable carbohydrate 


20. Strauss Neurol. Centralbl. 32:1281, 1913; Deutsch. med. Wehnschr 
39: 1780, 1913. 
l. Allen Glycosuria and Diabetes, 1913 
2. Benedict, S. R.; Osterberg, E., and Neuwirth, | J. Biol. Chem. 35:217 
1918. Benedict, S. R., and Osterberg, E J. Biol. Chem. 55:769 (April 


3. Folin, O., and Berglund, H.: J. Biol. Chem. 51:213 (March) 1922 
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materials. . .’ and that the “sugar of normal urine 
is a motley variety of carbohydrate products . . . . and deriva 
‘ 


tives.” Benedict,** in a later paper contests this interpretation a1 


reiterates his belief in the absence of any absolute tolerance for glucos« 
in the individual. This belief has also been expressed recently | 
Rosenberg,*® and is indeed shared by Folin and Berglund with regat 
to galactose and lactose, but not for glucose and fructose. 

On the other hand, Benedict is of the opinion that certainly 1 
more than 50 per cent., and usually not over 25 per cent. of urine sug 
is glucose, an opinion also voiced by Maclean ** as early as 1907. 1 
work of Oppler ** might be cited in this connection. This investigat 
finds in normal urine some 0.04 per cent. of a reducing, fermental 
substance which is, however, optically inactive. He further conclu 
that glucose constitutes but a small part (about 25 per cent.) of t 


whole. Without citing further instances from the literature, it n 
seem to be fairly obvious that whatever individual differences 
opinion may exist, all are agreed that a part, at least, of the reducir 
material is not glucose. The stress laid by Benedict on fermental 
and nonfermentable moieties in the urine does not seem to me to be 
such paramount importance as, on the one hand, other carbohydrat 
than glucose undergo this process, while on the other, there is alwa 
the possibility of the yeast introducing materials of a reducing natu: 
which would still further cloud the issue \nother thought express 
by Benedict introduces the stereomeric relationships of a and B m 
fications of a given sugar, and reference is made to the recent work 
Winter and Smith The drastic treatment to which these latt 
authors subjected their material may arouse some question of an ext 
neous and superimposed chemical effect. Even so, the lability of t 
simple carbohydrate molecule, the existence of the gamma modificati 
give food for thought in connection with the present problem. 

\fter relatively large doses of galactose, several writers have ide: 
tified galactose in the urine. Among others, Bauer* and Wagner 
use mucic acid as a means of quantitating the output, yet most recent 
Bodansky,*® working with dogs, was rarely able to detect galactose 
such, although many grams of reducing material were present in tl 
urine The choice of his subjects may have some bearing on t 


apparent contradiction. Fortified by the positive mucic acid and osazor 


24. Benedict. S. R The Detection and Estimation of Glucose in Uri 
J. A. M. A. §7:1193 (Oct. 7) 1911. 
25. Rosenberg Arch. f. exper. Path. u. Pharmakol. 93:208, 1922 


26. Macleatr 1. Biol. Chem. 2:431, 1907 

27. Oppler Ztschr. f. Physiol. Chem. 75:71, 1911 

28. Winter, L. B., and Smith, W J. Physiol. §7:101 (Dec.) 1922. 
29. Wagner Ztschr. klin. Med. 80:174, 1914 

30. Bodansky, M J. Biol. Chem. 56:387 (June) 1923 
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eiss and Jehn*') findings of other observers, 1 have applied 
Tollens test (phloroglucinol-hydrochloric acid) with uniformly 
itive results where reducing material was shown to be present by a 
itive copper reduction test ( Benedict's). 
fo summarize the foregoing, the so-called “normal sugar” of the 
ne is generally regarded as containing but small amounts of glucose, 
leed there is any. Ingestion of appreciable amounts of the common 
irs may show small increases in this “glycuresis,” or better, “‘meli- 
sis; the addition of other food stimulates a larger excretion, but in 
nstances the amounts are absolutely small. With the ingestion of 
tain larger quantities of sugar, the amounts severally dependent on 
haracter of the sugar, the conditions of administration, and the 
tbolic relation of the subject, there is at once a notable increase in 
umount of the “sugar” elimination. It becomes qualitatively 
table in the urine, and a part, at least, of the reducing body 
appearing, is identical with that which was ingested. Further, 
ngestion of slightly smaller amounts fails to produce any of the 
e phenomena. 
It would certainly seem here as if there was some definite transi 
n inauguration of new, rather than a quantitative increase of old 
sses. The Folin-Berglund interpretation of the character of 
ry “normal sugar,” and of the definite but small increases observed 
the stimulus of food or sub-tolerance doses of carbohydrate, 
seem to give a most workable explanation of the whole mecha 
under discussion 
Vhen one considers the extreme difficulty of freeing such stable 
pounds as inorganic salts from the least trace of impurity, the 
ssibility of purifying such labile substances as the carbohydrates 
contaminants is patent \ procedure of sufficient drasticity to 
ve one offending material may well give rise to yet larger quantities 
other 
r purposes of convenience, then and with full recognition of the 
pleteness of the experimental background for certain assumptions 
e, in the following discussion certain conventions will be adopted. 
First, the term “super tolerance dose” will be used to designate 
amount of galactose, which, administered to an adult in basal con 
n (i. e., resting and fasting) in water, in a concentration of from 
20 per cent., will produce a transitory melituria demonstrable by 
ensitive and dependable copper reduction test (Benedict’s). 
Second, the term, “sub tolerance dose,” will be used equally to 
signate that dose, a few grams less than the foregoing, which by like 
inistration fails to produce any demonstrable melituria. 


31. Reiss and Jehn: Deutsch. Arch. f. klin. Med. 108:187, 1912 





396 {IVES OF INTERNAL MEDICINI 
SCOPE OF INVESTIGATION AND METHODS EMPLOYED 


From the analysis of the earlier work on galactose feeding, it 


obvious that nothing was definitely known concerning the real assimila 
limit of this sugar. To standardize the present work and establis! 
criteria tor later comparisons, the first phase of the study was confine 


tion 


to investigations with so-called normal individuals 

Based on the experience of many years, I feel that a word of cautio1 
is not misplaced at this point. In studies of this character, the inves 
tigator usually enlists the services of volunteer aids, in many instance 


students, nurses and colleagues. These individuals, living their norn 
lives and following their respective vocations, are assumed to be nort 

in other words, average. That this assumption is not always warrant 
ny worker in this field will testify In the present study, several 

the subjects, during the course of preliminary standardization, demor 
strated evidences of functional or organic derangement for exampl 
two house officers volunteering as subjects, were found to be cases 

endocrine hypofunction In both instances they subsequently stat 
that they had known themselves to be somewhat at variance from tl 
iverage, but had attached no importance to it \ still more striki 


case was observed in another patient, who was studied unknowing] 
during the development of nephritis. Other cases, as will be brought 


out in the subsequent discussion, were probably not strictly normal, but 


as no definite aberration could be detected, they are included in the li 
Unsuspected renal glycosurias may be a potent source of error in wot 


of this character unless due precautions are observed and each c: 
subjected to a thorough preliminary testing 

During the earlier part of the work certain highly informative test 
now in current use were unavailable. As a preponderance of the sul 
jects here reported did not receive these additional observations, onl 
that part which were common to the entire group will be consider¢ 
here 

lhe subjects comprising this group were, in the main, presumab!l 
healthy young men and women, either medical students or nurses at 
interns connected with the hospital. A few other volunteers fron 
outside were also included 

Work of this character is only significant when it is conducted under 
uniform and carefully controlled conditions, and in which the measure 
ments are quantitative in character. Needless to say, in all analyti 
procedures the highest obtainable accuracy is the only factor to be 
considered. To unify external conditions, so far as possible, the sub 
jects all lived at the hospital during the period of study 

To insure approximate nutritional equilibrium, a standard diet was 


outlined and followed. The subjects received not less than 6 gm. o 
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bohydrate, 1.66 gm. of protein, and a gross energy intake of not less 


n 45 calories per kilogram of body weight. Further, as these studies 
ere in no sense exact metabolism investigations, every effort was 
de to render the diet as varied and palatable as possible. The neces 


} 
| 


for exact analysis of the food intake was not operative, and s 
itted a most desirable elasticity in the choice of viands Food 
lues, computed from Locke’s ** compilation, were sufhciently accurate 
the purpose. I should like to stress the importance ot this aspect 
experiments of any duration The average individual, indifferent 
ke to the urge of pure science and the enthusiasm of the dietary 
pagandist, is influenced unfavorably, both directly and indirectly, by 
continuance of an unvaried and potentially unpalatable diet 
The standard daily regimen can be presented most succinctly in 
ular form 





Dat 2 Schedu 
i wa s t tion of firs our 
 a.t Breakfast Diet begins Physical ex 
\ al Complete first 24-h« ‘ Misc P 
I ( phonephtl ¢ 
Collect sec« l 4-he € Nitrog I 
Repeat second day 
wa } pty bladder ges Or « zg ga < 
t O per c¢ s« ‘ 
0 a. Collect urine G1 
00 a. Collect urine G 
Breakfast 
1:00 acl Collect eG 
1:00 p. Collect G4 
05 p.t Dinne 
Repeat fift changing by k 
\ Collect third 24-ho rine I 
th day Repeat second day Diet ‘ 





Che significance of some of the tests given in the foregoing may be 
iched on briefly Che phenolsulphonephthalein and the careful urine 
iminations were used as indexes of kidney permeability and the nitro- 


I t 


partition gave information concerning liver and, by implication, 


ney function \ll urines were examined for abnormal constituents, 
ile the total nitrogen of the first urine was determined for 


parison with those later secured, to ascertain if the prescribed 


tary regulation entailed any profound modification of the subjects’ 


ual habitude. As will be seen from the schedule, graded doses of 
lactose were given until the dose exciting melituria had been deter- 


1 


ied. In all urines giving a positive response to the qualitative sugar 

st, the amount of reducing material was estimated quantitatively, and 

before stated, the Tollens test applied. Space forbids the discussion 

f the analytic details of the numerous methods used. It may be said 

generally that the methods selected were those of proved worth, accuracy 

eing the sole criterion. The galactose test may be permitted a more 
xtended statement. 


32. Locke Food Values, New York, D. Appleton & Company, 1911 
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ese experiments only galactose of a « 





lemonstr: 


ited purit 


i 





was used In the earlier tests, the material was obtained from sever 
sources ; latte the Pfanstiehl product of highest purity has bee: 
used exclusivel \ll were tested thoroughly for purity and doubtf 
materials were rejected lor the simple assimilation test the tech1 
xf administration is as follows: Either at 5:00 m. or 7.00 
depending n the ther tests to be applied). the patient empties 
ladder, the ne being tested for the presence of reducing bodies 
Is ' 
I BI ) r 
phoney G 
\ Weig t s See 
( s Kg H Hi rota 
\ 4 4 5 4“) x) y 
H 65.0 4 1 0 10 
i ‘Te. ry b ) 0 
~~) ”? 4) (i) 
7 4 0 0 1.80 
Ww 8 4 7 th) 4) 4 
11 ' 0 rl sa) “> ( 
; 4s » ( ) “> 
“4 0 0 15S - 
5 4 ‘ 9 
i 
\ O4 44 iD ) 
6.3 ‘ 0 0 
8 Tz 4 rT 0 
6 2.9 “ 4 4) ) 
j { 8 S ~ { ) 
40 > l “? "> 4 
1 ) , é 7) T ‘ 
12 ‘ rt ” rs 0 ) 
14 j 40 ‘ uy) ) 
> SY. 1 a) l 0 > 
16 is 4 7s a> > a 
18 i , ‘ iv ” > i 
bb 14 5 4 19 ‘ y) ) 
lv 4 él 4 s 40 " 
l , 4! ‘ “ ) 
test meal of 30 gm. of galactose for men and 40 gm. for women 
administered orally in a cold aqueous solution of from 10 to 20 pe 
cent. The use of lemon or orange juice, as frequently indicated | 


\side from the fact that it 1s 


1f complication in adding varying 


other observers 1s carefully avoided. 


unnecessary, it introduces a factor « 


amounts of foreign sugar. Urine is collected in two two-hour periods 


and four hours after the administration of the test meal the subject 


arises and breakfast is given. The urines are tested qualitatively for 
the presence of reducing bodies by the Benedict qualitative solution, 


and where response is positive the amount is determined by the Bene 








—— 
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uantitative titration The slower reduction time f galactose 
not introduce a seriously disturbing factor by this method. During 
lier tests, a third and fourth two-hour collection of urine was 
ut as they were found invariably to be negative, in the te 

en the practice was discontinued 
SULTS INT 
results of the study are compiled in Table 3 rom the 
bers designating the subjects, it will be seen that certain cases 
n omitted The basis for such omissions were varied, ranging 
e nephritis of Case 17A’, already alluded to, and the develoy 
i grave condition which ended fatally in Case 2A, to the prove 
lability of the subject, as was the case with Case & \’ \s the 
was the evaluation of the probable threshold of tolerance 
ed, I felt warranted in discarding those cases where demonstrable 
TABLE 4.—Sum) 
P G se Tes 
\g Weig Pos Neg v } 
\ s hg G Gi G 
“8 
) ‘ , 
logy negatived the normalcy of the case, or where the authenticity 


esults could be proven lacking. The cases from Series B were 


erned in another study but were suitable for inclusion here. 
in the other hand, a few cases 


were included of which | 
icious, 


am 
but as concrete evidence of aberrant function was lacking, 
vere retained in the group. Case 8A falls definitely under suspicion 
rtain observations unrecorded here are found to be characteristic 
arently of certain endocrine conditions. 
t at the time of this test the basal 


rmined 


It is to be greatly regretted 
metabolic rate could not be 
Of the five males showing a positive response at 40 and 


itive at 30, two, Case 1OA and Case 16B eliminate amounts of 


ucing material, which would show that the probable threshold in the 
ventional sense is nearer the lower than the higher figure. 
the five women with an upper limit « 


itegory. 


Similarily, 
»f 50 gm., three fall in the same 


\s has already been pointed out, the term, “normal,” in such con- 
ection implies “average” as its true meaning. For this reason sum- 
ations of the collected data are significant. 


Such a condensation is given in Table 4. 
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Barring the basic observation that there seems to be a fairly w 


indicated value for the tolerance of galactose in so-called normal adu 


is stated in the foregoing, it is not the purpose of this paper to consid 


mostic aspects of this work Bearing on the variations f1 


the calculated average of individuals in the present group, it may 


: that e1 rine cases have been observed showing much great 
deviation from ft} . ma! | al ases th posit » dos S 
ieVila tne norma nm maie Cas¢ tne positive dose was seve 
illy as high as SO and as low as 13 gm., while with women a low Iu 
5 ym. has several times been observed, and in one case, 100 g1 
galactose was administered without exciting a melituria In 
light of these facts, the variations here observed lose something 


disturbing significance. The most striking fact here elicited is the evid 
in this level, which must be referred to sex. While I « 
wish for a larger number of observations on which to base a con 
sion, other and later work bears out this conclusion in no unmistak 
manner Pending the completion of investigations now under way 
final conclusion may be drawn, but the fact as observed holds cert 
ittractive possibilities for speculation 

Woman, in her adult years, entertains within her organism a spe 
galactose mechanism which, so far as is known, is | 
\ power of synthesis, of storage and of conjugation of galactose 
inherent in the female mammary glands. (Grouped among the second 
sex characteristics, coming into development only when sex manite 
itself in functional readjustments, it forms a specific point of differer 


with a specific galactose contact Whatever the true explanation 1 


be found to be, the fact is certainly interesting and novel. 

Certain other aspects may be commented on briefly In mat 
the recent studies, the tolerance dosage has been allocated to a relat 
ship with body weight. The Janney technic calls for 1.75 gm 
glucose per kilogram of body weight. That this 1s not warranted 


the case of galactose ts ¢ learly indicated by the data given here Rela 


t 


independence of body weight and tolerance threshold are here manife 


é 


Nor has it been possible to establish other biometric relationshi 


\ comparison of dosage with area calculated by the well know 


DuBois ** equation, shows an equal independence This is repeated 


basal metabolism computations (not recorded here), as of course woul 


be expected from the standards involved in such calculations \ge 


adults also seems to be without basic influence 


In short, the amount of galactose to be designated under the convet 


1 
| 


tions adopted, as the threshol 


33. Janney, N. W., and Isaacson, I I The Blood Sugar in Thyroid at 


Other | ndocrine Diseases, Arch Int Med 22: 160 { Aug ) 1918 
34. DuBois, D., and DuBois, E. F Clinical Calorimetry, Arch. Int Me 
17:863 (June) 1916). 


d dose, seems to be a quantity approximat 








a constant value in healthy adult individuals, and greatly nfluence 


; 


ely by sex among the several biologic factors of potential variatior 
ter unpublished observations show that with women, the menopaust 


] ] 


cause a lowering in the observed level, a fact of supporting 


1 
} 
Il 


lhe results of this study may be summarized wriefly as follows: 


1. The significance of the term “threshold of tolerance,” tor ca 
rates. and the assimilation limit in terms of urine findings 1s defined 
> Certain necessary control limitations in the application ot 
vocative melituria test are indicated, and the technic of a test using 
ictose Is described 

3 By means of this test, the conventionally defined t 
lerance for groups of normal adult men and women is studied 
e results reported 


{ 


4. The dose exciting melituria is influenced little, if at all, by age, 


ght, body area or certain other biometric factors 

5. It is found to be apparently directly dependent on sex, and the 
duence of the mammary glands in woman is suggested as a possible 
planation 

( he average “tolerance dose” for man 1s found to be 30 gm. and 


woman 40 gn 

















PHI MUSCULAR EFFICIENCY OF PATIENTS 
WITH DIABETES MELLITUS * 


REGINALD FITZ, M.D 





WILLIAM P. MURPHY, M.D 
Bt 
lhe results of a study on the muscular efficiency of a gro 
patients with diabetes mellitus are presented. Ordinarily, in follov 
ses it 1s customary for the patient’s physician to examine the bl 
and urine tor sugar by quantitative methods, to measure objectiy 
ss or gain in weight and tolerance but to rely on symptoms 
record of loss or gain in physical strength and sense of well-being 
Since physical weakness is one of the commonest symptoms of diabet 
and one of its most devastating features from an economic point 


hought it important to determine by quantitative met! 


ng a process diabetes may be and to find out what modet 


f treatment can accomplish in the physical reconstructior 


sufferers with this illness 
Williams * has already studied the problem of muscular efficiency 


i 
diabetes by means of the Colin dynamometer. He has shown tl 
diabetic patients tend to be weaker than normal persons and that ther 


is a direct relationship between their food tolerance and muscu 
vigor. Miles? and Root,’ attacking the question from a somewl 


ditterent angle, have shown that the average diabetic patient is 
physically fit, using body weight as an index, and furthermore is bel 


normal mentally to various psychologic tests, approaching but not reac 
ing a normal mentality with treatment. On the whole, therefore, 


ipparent that before the discovery of insulin treatment even tl 


1 
ecomes ¢ 


best treated diabetic patient usually carried a handicap in his struggle { 
existence of a measurably diminished physical and mental efficiency, an 


too often was compelled to face a slowly progressive course of physi 


and mental deterioration 


*From the Medical Clinic of the Peter Bent Brigham Hospital 

* This paper is No. 20 of a series of studies in metabolism from the Harvar 
Medical School and allied hospitals. The expenses of this investigation have 
been defrayed (in part) by a grant from the Proctor Fund of the Harvar 
Medical School for the study of Chronic Diseases 

1. Williams, J. R The Effect of Undernutrition on Muscular Force, Ar 
Int. Med. 20:399-408 (Sept.) 1917. 

2. Miles, W. R., and Root, H. F Psychologic Tests Applied to Diabeti 
Patients, Arch. Int. Med. 30:767-777 (Dec.) 1922 

3. Root, H. F., and Miles, W. R Physical Measurements of 


Patients, J. Metabolic Res. 2:173-197 (Aug.) 1922 


Diabeti 
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have studied the muscular efficiency of a group of twenty-three 
tic patients during the last year, obtaining observations in several 
n the effect of prolonged treatment on strength, using a group of 
persons by way of control. To estimate strength we have use 
esistance strength test of Lovett and Martin,* a method whi we 
found simple and accurate. Martin,® also, has used the metl 
torily in studying certain problems of industrial medicine, as 
ith ® in studies on the strength of soldiers with effort syndrome 
lescription of the details and principles of the method we retet 
tin’s 7 comprehensive description of it. In brief, the test measures 
ximum resistance which various selected muscle group ft 
t stretching From the data so obtained it is possible to calcu 
i ] Ti s } ki ) , 
Ic Strengt 
Heig! Weig Cak ted Weight 
Numt Ag ( Kg Strength, Kg Ratio 
‘ 180 000 
) 171 té 600 6.6 
4 1s 5 180 6 
9 3 1.320 0 
1606 7 oO t 
172 t A) 
‘ 1s 64 ) 
4? 170 48 1,080 6 
7 76 1,600 1.4 
“ > ) 1.480 1.0 
7 74 63 ” ‘ 
1 1x0 =~ S10 
RD tH 1270 9 
182 74 1.450 6 
2 176 4 l 40 g4 
* 180 ti 1 0 17 
18] 8 l ) 
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the entire muscular strength of the body. he result 1s 
essed in kilograms of total strength or perhaps more accurately 1n 
itio between strength and weight. We have used for muscle 


nples those muscle groups advocated by Martin in the abbreviated 


h test and used by Smith in his study, namely: the right and 


gt 


pectorals, the right and left wrist flexors, the right and left forearm 
rs, the right and left thigh adductors and the right and left thigh 





uctors. 

4. Lovett, R. W., and Martin, E. G [he Spring Balance Muscle Test, 
|. Orthop. Surg. 14:415-424 (July) 1916. 

5. Martin, E. G Strength Tests in Industry, Pub. Health Rep. 35: 1895-1926 


ig. 13) 1920. 
Smith, B 
lrome by 


Martin, 


E 


Means of 


G 


The Possibilities of Physical Development in Cases of Effort 
Arch. Int. Med. 24:321-331 (Sept.) 


f Graded Exercises, 33 


Tests for Muscular Efficiency, Physiological Rev. 1: 


454-474 (July) 1921 














lable 1 records our observations on single strength tests in a gt 


f normal men. We found that the total strength, as estimated by 


single determination with the method in our hands, varied betwe 
1.100 and 2,000 ke. with an average of 1,441 The strength-weig! 


ratio varied between 26.6 and 15.7 with an average of 21.2. Martin 


Ricl studying the strength of a large number of normal men 
this method, found total strength figures varying from 910 kg 


2,640 kg. with an average of 1,800 kg. and strength-weight ratios rang 
from 19 to 37 with an average of 26.6. Our normal men, therefor 
vere weaker on the whole than the larger series of Martin and R 


Our subjects were house officers and medical students, while Mart 


and Rich’s were perhaps in better training as they included colles 
| 


gE 2 TI s not / ee) rmal Il en 
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students and recent army recruits. [lurthermore, their figures are t 


average of more than one determination However, our men we! 


strong enough to work hard; therefore we have used our figures as 


normal base line and have compared the strength of our male diabet 
patients with our average normal male strength figure and strengt 
weight ratio 

Table 2 records similar observations on single strength tests in 
group of normal women. We found that the total strength vari 
between 700 and 1,100 kg., with an average of 839. The strengt! 
weight ratio varied between 11.7 and 18.7 with an average of 14. 
Here again our subjects were weaker than Martin’s 116 factory workers 
who had an average strength of 900 kg. and strength-weight ratio « 


8. Martin, E. G., and Rich, W. H Muscular Strength and Muscular Syt 
metry in Human Beings, Am. J. Physiol. 47:29-42 (Sept.) 1918 
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considerably weaker than Mosher and Martin’s”* forty-five 
re women, with an average strength-weight ratio of 22.5 


women were pupil nurses, secretaries, or techni ans wi 


teered to act as controls Some were on night duty at the time 
: } t] ] f cleen mav h heen 9 factor i1 HN<jng 
Was made, sé nat loss OT sleep May Nave been a tact causing 
figut Hower 1} - rong ae 4 err ni tie 
yures lowever, all were strong enougn to Carry © tne 
| | | ] » ff 11 1; 
ne work: theretore we have used our hgures as a normal base line 
, er . 
e t npare the strength ot our temate diabetic patients witl 
ive normal temale strength figure and strength-weight rath 
me of the main objects of our study was to make repeate 
tests patients for reasonable period of time, it was neces 
determine the variations in strength occurring in normal persor 
, , , 
ti iv as detected by the metho this pury €1 ( 
oe mont | f { normal mer , 
gt es in ea ( ve n i ( i wer 
t — net of six weeks on each sever thy , 
. - 
DaYs a 68 8 @ 6 6.7.6.8. 12 18 141516171 92 23 24 25 26 27 28 29 30 
1600 BORMAL SUBJECT 4 


3 
. 
. 





the daily strength tests we found a tendency for total strengt 


rease for the first few determinations, and thereafter to remain at 
constant level. In the weekly strength tests we found a slig] 
lity, but no tendency for the graph to deviate to any great extent 


straight line. We found, however, appreciable temporary varia 
in strength caused by loss of sleep, minor infections, and exercise 
re the test was made [Typical examples of these points are 
rice 
hart 1 records the strength curve of a normal subject, and is con 
of twenty-five determinations made during the course of 


h’s observation. During the first nine days there was a progressive 


in strength until a constant level was gained. Subsequently, the 
ngth varied but little until the experiment was ended. The initial 


in strength was in all probability due to practice, while the subse- 
nt straightness of the line illustrates the limits of constancy which 
btainable by the method when the test is used on a trained subject. 
determinations were within 12 per cent. of the mean, showing that 
technical errors of the method are not too great for clinical purposes. 


9. Mosher, C. D., and Martin, E. G The Muscular Strength of College 
men, J. A. M. A. 70:140-142 (Jan. 19) 1918 
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Chart 2 records details from the strength curves of two norm 


subjects to illustrate the effect of infection, exercise, and loss of sleey 
on strength Each of these factors caused an appreciable thoug 
temporary loss in strength. The chart is plotted to magnify the vari 
tions in strength which were observed. 

From such evidence, therefore, we believe that Lovett and Marti 
method of testing strength is sufficiently accurate for clinical purposs 
By using it, we were able to establish a normal base-line of strengt 
with which to compare the strength of patients with diabetes, and 
were able to show that strength in a normal individual remains relative 
constant when followed for any length of time although it is modit 


temporarily by such factors as loss of sleep, infection or exercise. \' 
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Chart 2 The effect of exercise, loss of sleep, and an acute infectior 


have used as an average figure of normal strength our figures of 1,44 
kg. for men and 840 kg. for women; we have considered the nort 
strength-weight ratio of men 21.2 and of women 14.9. 

lable 3 records single strength tests on a group of fourteen ad 
male diabetic patients. These strength tests were made, with one exce] 
tion, shortly after the patients entered the hospital and before tr 
ment had been followed for any length of time. Case 5 was one « 
Joslin’s *® patients, who has faithfully carried out treatment under 
guidance for ten years. While the diabetic group as a whole was olde: 


and less heavy than the normal group, a comparison between the tw 


10. Joslin, E. P The Treatment of Diabetes Mellitus, Philadelphia, Lea an 
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gs out two important features. The average strength of the diabetic 
ip was considerably less than normal, ranging from 760 to 1,430 kg. 


ntrast to the normal range of between 1,100 and 2.000 kg. More 


he diabetic patients were not only weak from loss of body tissue 
tended to be weaker than normal in proportion to their weights, 


use the average diabetic strength weight ratio was 18.8 with a range 


TABLE 3.—The Strength of Fourteen Dial VW 
i ] Strengtl D tion « 
Height Weight, Cak ited Weig Diabet 
N he \ge ( Ke Strength, Kg Ratic Sympte s 
4 10 8 years 
€ v 4 ve 0 2 years 
4 1,430 4 years 
“i 178 K 8 nths 
oA 177 4 1,020 M).4 10 year 
4 68 oa 10 18 4 years 
7 ] 71 > 17.9 lt f 
48 18 th 1ti 17.8 . 
s 17 4 SM) | > > me s 
Ss 170 19 SH) 1 nths 
174 io (PO 69 years 
6 16 io 14 ve s 
» 17 4 ve S 
x 13.9 vears 
OOK g 8 


rom 13.9 to 25.8, in contrast to the normal average of 2]? with a 


g 
between 15.7 and 26.6 

ve of these patients (Cases 9, 10, 12, 13 and 14) when we first 

them had less than 60 per cent. of a normal man’s strength. This 
an idea of how weakening a process diabetes may become. Of 


five patients, two died within a few months from the time we 
, 


saw them, two have improved remarkably and we have lost track 


Paste 4.—The Strength of Five Diabetic Wome 
rota St Duration of 
Height Weig Cak ited Weight Diabet 
N be \g ( Ke. Strength, Kg. Rati Symptoms 
41 4 RY 8 ont} 
. 5 eee 
. Py { 6" 44 4 months 
160 4 44 81 nths 
1 4.8 
he other one. The rapidity with which the two fatal cases suc 


bed despite the use of insulin, suggests that extreme physical weak 
may be of prognostic significance. 

[he duration of symptoms appeared to have little to do with the 
unt otf weakness measured. Rather, one gets the impression that the 

st neglected patients grew weak most rapidly and that the ones that 

le any attempt to take care of themselves conserved strength the 


rest 
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lable 4 records single strength tests on the five diabetic women 
the series The findings in this group are similar to those obtained 
the men [he average age of the patients was greater and the weig! 
ess than that of the normal group. The average diabetic strength was 
siderably less than normal, ranging from 540 to 840 kg., in cont: 
to the normal range of between 730 and 1,120 kg. One interesti 
fference between the diabetic men and women, however, was t 
parent normality of the diabetic women’s strength-weight rati | 
iverage strengt weight ratio of the diabetic women was 14.8 agai 
the normal riation of 149 The variations encountered range 
between 11.5 and 18.0, while the normals variation ranged between 11 
il 18.7 This finding mav be accidental, as the series was very sn 
| t exe e is usually ci s1cdere t be i part the tre 
ent t ¢ te (0n this CC int \ ittenipted t Mt | ut whet 
the el tient physi yea ess Vas evel stribute 
eth tw ie to an exaggerated weakness of any specific nn 
( We 8 Keg ( . y Ke . 
Ww 
Strens ‘ 
M Kx S 
\ 
hie 
, ; 
R 
R 
R 
group wil ight be overcome by appropriate physical theray 
if the individu 


Martin has shown that the sum of the strengths of 
18 Le 


per cent., and in women | 


muscles tested constitutes in men 17.7 
cent., of the entire strength as found by this svstem of testing. Bvy mi: 
nposite strength test from the individual subjects of the serie 

byt 


ind analyzing the relative distribution of strength, we were able to obta 
data on the distribution of the strength of normal and diabetic persons 


5 records a composite strength test made from the eightee: 
" 


The resulting man was aged 27, 176 c1 
(150 pounds) in hi 


lable 


normal men f Table 1 
5 feet, 914 inches) tall and weighed 68.2 kg 
clothes. His total strength was 1,430 kg. and his strength-weight rat 


was 21. Of his strength, 4.9 per cent. came from his pectoral muscles, 
3 per cent. from his wrist flexors, 4.4 per cent. from his forearm flexors 
2.7 per cent. from his thigh abductors and 2.6 per cent. from his thigh 


adductors. 














ible 6 records a similar composite strength test made from the 
teen diabetic men of Table 3 The resulting man was aged 37, 
(5 feet, 834 inches) tall and weighed 54.8 kg. (121 pounds) 
s clothes. His total strength was 1,020 kg. and his strength-we 
was 18.6. Of his strength, 4.6 per cent. came 


les, 3.3 per cent. from his wrist flexors, 4.7 per « 





pe ee 
flexors, 2.7 per cent. from his thigh abductors and 2.5 per cent 
s thigh adductors 
[At ( mf , j 
i Heig ( Weig k I ‘ s v s v 
R 5 
Streng I ‘ ! 
M Ke S 
R r { 
— 
R 
fli Left 
Right 
rhigh at Lef 
Right 
tor..] 
z 
ther words our normal man, according to medical-acti | 
s was about 8 pounds (3 kg.) under standard weight for one ot 
rs and size, while our diabetic man was about 40 pounds (18 keg 
standard weight. Besides being undernourished, the diabetic man 
weaker than normal because he was only about 70 per cent. as strong 
ounger nor il mat ind this weakness did not depen on 
[ ABI 7 { 5 } { } 
H HA ¢ W Kg Tota ( S s iN Ss 
R { 
streng I ( t 
Muscles Ke S 
Lé g 
Right 
\ ‘nr la 
Right l 
; flexor..Left 18 
tight ) 
I t ctor.. Left rl " 
Right ‘ 
] ctor.. Left j 
Right 14 


lernourishment solely because his strength-weight ratio was dimin- 
1. He was not weak, however, in any specific muscle group, because 
contributions of the muscle groups studied to the total strength were 
sentially the same as in the normal. 
lable 7 records a composite picture of our group of normal women. 
he resultant subject was aged 21, 164 cm. (5 feet, 434 inches) tall 
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and weighed in her clothes 56.6 kg. (124 pounds). Her total strengt! 
was 845 kg. and her strength-weight ratio was 14.9. Of her strengt 


ime from her pectoral muscles, 3.1 per cent. from hx 


4.3 per cent 
wrist flexors, 4.3 per cent. from her forearm flexors, 3.4 per cent. fro 
her thigh abductors and 2.8 per cent. from her thigh adductors 


records a composite strength test from the diabetic wome: 
ibject was 27 years old, 161 cm. (5 feet 31% inche 


tall and weighed in her clothes 43.8 kg. (91 pounds). Her tot 
strength was 645 kg. and her strength-weight ratio was 14.7. Of 
ngth, 4.4 per cent. came from her pectoral muscles, 3.4 per cent. fr 
her wrist flexors, 4.6 per cent. from her forearm flexors, 3.0 per cent 
high abductors, and 2.7 per cent. from her thigh adductors 


from he rt 
| npostte Stres T habetic Women 
Age ( We Ke I ( ted S gth 650 Kg Strer 
Weig R is 
Strength, Per Cent. 1 
M Kg Strengt! 
Left 4 
Right 14 
Ww fl Left 11 l 
Rig! 11 1.7 
Ls 1 
Right 15 
i Left 10 
Right 0 1.5 
Left , 14 
Right Ss 1.2 
Our normal woman was 4 pounds (1.8 kg.) under standard weigl 


diabetic woman was 35 poun 
C)i 


t 


for one of her age and size. Our 
(15.9 kg.) under standard weight for one of her age and size. 


g 
diabetic woman, therefore, was undernourished and weak although s! 
was not weak out of proportion to her weight, having a normal strengt 
weight ratio. There was no specific muscle group weakness, becaus 
the contribution of the muscle groups studied to total strength wa 


essentially similar in both groups. 

From these data it is suggested that the best form of physical therapy 
for a diabetic patient is any general form of exercise directed towar 
improving the entire physique. Since the diabetic patients’ weakne 


is not due to the weakness of any specific group of muscles, massag« 
mechanotherapy or exercise directed to any single muscle or small grou; 


of muscles is not indicated. 
iy be secondary factors causing the weakness of a diabeti 
if prolonged undernutrition an 


There m: 
person other than the primary factor « 
This is suggested by a comparison of the strength test 


The data 


underweight 
of Case 8 of the normal men with Case 5 of the diabetic men. 


are recorded in Table 9. 
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he normal subject was 50 pounds (22.7 kg.) under standard weight 
ne ot his years and size, while the diabetic subject was 58 pounds 
kg.) under standard weight. Both had the same amount of total 
gth and essentially normal strength-weight ratios Che norm 
was stronger in the pectoral and forearm muscles than the diabetic 
ct, while the diabetic man compensated for this weakness by being 
ger than the normal man in his leg muscles Che normal man had 


thin all his life and was able to lead a very normal and productive 


physiologist lhe diabetic patient had been under treatment 
en years, unable to do a full day’s work and gradually losing 
ht but keeping up strength by systematic exercise. The two men 
in a way comparable as physical specimens at the time of the 
gth test or it is needless to say that both were normal to physica 
yY ” , S ma I Yu 
Ne Diabet 
\ge 4 Age 40: 
Heig C1 > Ft Heig C1 » Ft 
Weig is Ke 106 Lbs W t *) Ke 110 Lt 
Mus s Strenet K Streng Ke 
lef 
Right 
Left 
Rig 
Rig 
La 
Rig 
La 
Right 
a one 
tion and both had normal urines \s one saw the two men, the 
itference between them was in their mental attitude Phe 
nan was eager, quick in his motions and working mentally at 
et he diabetic man, in contrast, was not eager, was slow i 
speed Phe asal 


Is motions and was working mentally at a slow 


ic rate of the normal man was known to be normal: 


that the metabolic rate of the diabetic patient was minus 18 


bout the time the strength test was made. Therefore. the chief 
5 


ctive difference between the two men lay in the difference of their 


| metabolism. One cannot but wonder from such a compari 
much the factor of suboxidation has to do with producing the 


| picture of chronic diabetes where a low metabolism is found 


Cdl 


trequently. 


1 


rmal persons but without any specific weakness of any « 


)n the whole, these preliminary observations on the strength of 


etic patients brought out the following points: the majority of the 
1 and women of the series tended to be considerably weaker than 
»f the muscle 


tts 
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groups studied. The diabetic men were not only weak because thi 
tended to be underweight, but were weaker than normal in proportio: 
to their diminished weights. The women, on the other hand, appear¢ 


to be weak solely because they were undernourished and tended te 


normally effective in proportion to their body weights. A comparis« 
between a normal thin man and a chronic well treated diabetic patient « 
approximately equal size and age showed that the two subjects had tl 
same amount of strength; the normal subject, with normal basal met 


abolic rate, was much more alert and keen than the diabetic subject wl 


with a metabolic rate, was sluggish mentally and physically. This obs¢ 
vation suggested that other factors than chronic inanition may play 


] 


part in producing the clinical picture of long-standing diabetes. 
part in | g tl ] pict f tanding diabet 


r 
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Chart 3 The relation between the calories of the diet and strength in 


We" have already shown by illustrative strength curves that certa! 
patients with severe diabetes may gain a great deal of measurab 
strength during treatment. It is of interest to analyze how strength 
gained. The most important single factor which gives a diabet 
patient strength appears to be the total calories of the glycosuria fre 
diet utilized. This point is illustrated by Chart 3. 

The patient was a man, aged 38, with diabetes of about nine months 
duration. When he entered the hospital he had lost about 50 pound 
(22 kg.) in weight and was verv weak 

During the interval in which he received less calories than his bas: 
requirement, he failed to gain strength and even lost slightly. It wa 
not until he was given calories well above his basal requirements that 


he gained perceptibly, and it appeared to take several days for him t 


11. Fitz, Reginald, and Murphy, W. P.: Insulin as an Investment for th 
Patient with Diabetes Mellitus, J. A. M. A. 82:435-438 (Feb. 9) 1924 
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over the strength which was lost during the period of greatest under- 
trition. We have made confirmatory observations on the weakening 
ect of undernutrition in several other cases; on this account we now 
ugarize the patients with severe diabetes with insulin as soon as they 
e into the hospital, and no longer use very low calory diets for 
re than a day or two, as the strength lost by such treatment seems 
of proportion to the tolerance gained. 
Unfortunately we have not succeeded in making any critical obser- 
ons on the strength yielding properties of diets variously balanced 
respect to their carbohydrate, protein and fat fractions. Such evi- 
ce as we have, however, suggests that weak diabetic patients will 


strength satisfactorily when given diets containing about 1 gm. of 
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irt 4—The relation between strength and weight in a well treated diabetic 
nt 


tein and about 45 calories per kilogram of body weight. It seems 

make but little difference in what form the calories are given so 
ng as the fat proportion is not enough in excess to cause acidosis, 
| so long as the urine remains sugar-free. 

From the point of view of strength, it appears that the best treat- 
ent for a diabetic patient should combine an adequate diet with 
equate physical exercise, so that as the patient gains weight he gains 
more than proportional amount of strength and thus has an increas- 

ng strength-weight ratio. One of the temptations offered by insulin 
the possibility of fattening diabetic patients rapidly. We have three 
itients who became fat under insulin treatment, gaining weight more 
rapidly than they gained strength, and these patients do not seem as 
well or as physically efficient now as those that have gained strength 








this account we d 


amounts of insuln 


more rapl than they have 
not believe in using very high calory diets and large 
in order to obtain an immediately striking therapeutic result, but prete: 
to have o1 tients take less to eat, use smaller amounts of insuli 
il to gai eight and strength slowly The strength curve of 
tient unde servation for seven months and treated conservativel 
in this ta s recorded 1 Chart 4 
he iti 1 nial ged 20, 178 « 5 feet 10! inches t 
iwhing 33.4 kg 117 pounds) in August, when we first saw | 
lis sal c requirements at that t e were 1.6000 « ries ink 
tiie eg y treatment the patient s ut 40 p unds 1S | 
nder st eight Fortunatel s strength | not been n 
eplet g the eight months he | abetes, so that his phys 
tion Ww g Since he came t the Bngham Hospita 
- ( ( ciet containing t 2,500 cal 1es A) g 
f prote this diet he has gra lly gained 6 kg 13 pound 
weight \ this gain in weight, which still leaves him more t 
twent ( s under standard weight, he has increased his streng 
Nau 1 has a verv high strength-weight rati t so happe 
tl ( 1 Y r ce considerable Va vy ¢ 
ess 1 thus he as beet Cf mpelle by N not 
re Ss to tT V I equate amount exercise He is g e 
ttle weight ng the last three months, although his strengtl 
trength-weight tios have increased steadil When we last saw 
2 ( ect healtl was a le te yor is hard S e cl 
without undue fatigue and he was stronger than out erage norn 
ma We ( ised this patient to keep his weight at about 1 
present leve have warned him against gaining 1 e than fe 
extra poun 
SUMMAR 
in the whole, from these studies on the muscular efficiency 
patients with betes we have obtained evidence confirming the obset 
vatio1 f Williams and of Miles and Root The strength of most 
diabetic patients is appreciably less than normal, but can le t 
pproach normal by proper diet and physical therapy. The total 
calories of the diet rather than the fractions of carbohydrate, proten 
or fat, seem of greatest importance in adding strength 
Since there is no selective weakness of any particular muscle grou] 
which characterizes diabetes, any general form of exercise which will 
bring all the muscles into play is indicated from the point of view of 
should 


physical therap 
Undernutrition for any length of time is weakening and 
not be recommended for more than a day or two as the strength lost 
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Book Review 


GENERAL AND EXPERIMENTAL PATHOLOGY. By Hermann Pretrrer, 
Professor at the University of Graz. Pp. 594, 50 illustrations, 8 col 
plates. Berlin and Vienna, Urban and Schwarzenberg, 1924 


\n ever widening foundation of biochemistry, biophysics and physiolog 
form the basis of our understanding of pathologic processes and clinical mani 
festations of disease lo present an even superficial view of this vast fabri 
of interrelated basic phenomena in a single volume seems an almost hopel 
task, the more so when it is to be made useful for students of medicine rath 
than the more mature. Krehl succeeded in a singularly striking fashion, du 
no doubt, to his marvelous grasp of the material. We now possess thr: 
additional efforts in the same direction, those of Herring, of Ludke and Schlayer 
and of Pfeiffer, here reviewed. In its subject matter Professor Pfeiffer’s wor 
is also a pathologic physiology. 

There can be no doubt as to the importance of the subject or of tl 
value of the systematic and orderly treatment of the material for the student 
Teachers of medicine realize only too well that much of the most valuable a1 
important “borderline” knowledge that the student should possess is nev« 
presented to him in any organized series of lectures, certainly never from tl 
medical point of view. This whole group of German texts seems of particula: 
value in bridging this gap; it is unfortunate that they may seem so formidab! 
that the medical student would hardly find the time to use them. 

Pfeiffer’s book covers the extrinsic causes of disease, inflammation and fever 
immunity, the blood diseases and circulation, respiratory alterations, metabolisn 
the glands of internal secretion and experimental tumors. The general charact« 
of the work is exemplified in a chapter of 110 pages on internal secretion, i 
which a most objective summary is presented; the chapter on “Inflammatior 
and on “Fever” are particularly readable 

The investigator will perhaps miss references, purposely omitted to permit 
condensation, but will be rewarded by an excellent review of the best work 
the fields covered. It is to be regretted that we have no English counterpart 
of this and the similar books; they would be of great value to the seriou 
medical student in his transition from the laboratory to the clinic, a transitiot 
which in the majority of our medical schools is harmful because of its abruptness 

To the fact that the text has been written by a single person must be credited 
the absence of reduplication and redundancy in the book, and the fact that 
the proper proportion has been maintained in the various sections. 
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